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PREFACE

This work contains the results of meteorological

observations carried out during the summer of 1953 on the

Penny Icecap, and many references to similar investigations

by me on the Barnes Icecap in 1950. These latter observations

were used as the material for my thesis t "The Climate of the

Ablation Period on the Barnes lee-cap in 1950," presented to

the Faculty of Graduate Studies and Research, McGill University,

in May 1951, for the Degree Master of Science.

In 1949 l was happy to follow Professor F. K. Harets

suggestion that l see Mr. P. D. Baird, Director of the Montreal

Office of the Arctic Institute of North America, about participa=

tian in the Institute's 1950 Baffin Island Expedition. From my

first meeting withMr. Ba~rd there have followed five, for me,

fruitful and interesting years of collaboration, and l wish to

thank him for making me a member of the two Arctic Institute

Baffin Island Expeditions. l must also express my gratitude to

Dr. F. Ko Hare, Chairman of the Department of Geography, McGill

University, for help and personal interest in my work on the

glacial-meteorological problems of Baffin Island icecaps.

l owe much ta Mr. W. H. Ward of the United Kingdom

Department of Scientific and Industrial Research, my colleague

on the two icecaps, and an extremely able, energetic and re

sourceful companion. It is mainly due to his skill that we
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succeeùed in carrying out our program.

l wish to thank ~r. A. Thomson, Controller, Meteor

ological Division, Department of Transport, Toronto, for the

loan of valuable instruments, especially the . Actinograph.

Finally, l owe thanks to my wife for able help in

checking and typing this thesis.

The Arctic Institute of North America,

Montreal, April 1954,

Svenn Orvig.
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CHAPTER l

INTRODUCTION TO THE PROBLEM

The oldest known descriptions of glaciers are found in

Icelandic literature from the 11th century. Scientific studies

of glaciers were first undertaken in Switzerland some five

hundred years later, and during the 19th century glaciology

became important in geology, as it was evident that the glaciers

were instrumental .in the evolution of landscape.

Regular met.eoro1ogical service, wi th weather forecasting,

was first established in France, where synoptic weather maps

were published from 1863, but c1imatologicalresearch had been

carried out before that date. It was realizedthat Alpine gla-

ciers had vari.ed much in extent, both in historie and pr-ehi a

toric times,1,2 and the study of the connection between fluctua-

tions in climate and variations of the size of glaciers became

an .impor t ant part of physical geography.

Step by step the science of glaciology was pureued in

other.parts of the world: Norway, Sweden, Iceland; and then in

the more remote lands: Alaska, Spitsbergen, Greenlando Often

the results of glaciological research were reported in geological

publications and at geological conferences. The geologistVs

l R. F. F:~int, Glacial Geoloî~and the Pleistocene Epocho
New York: John W~ley & Sons, Inc., . 47, pp. 2-60

.
2 Eo v Drygalski and Fo Machatschek, Gletscherkunde o

Wien: Franz Deuticke, 1942, pp. 1-40
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interestin the study of glaciers is easily understood when one

adopts definitions .l i ke those of v. Klebelsberg: "Gletscherkunde"

(glaciology) has to do with the glaciers of the present day;

"Glazialgeologie" with those of the past. 3 Only when the two

problems are connected can one obtain a knowledge of the impor

tance of the glaciers on the changing face of the earth o

A great deal of work is still being done on problems of

a descriptive nature: morphological investigations, movement of

glaciers and variations of their margins. The more recent re-

search in glaciology is of a different character: the investiga

tion of the physical processes involvedin the life of a glacier.

This work started in Sweden,4 and Scandinavian. scientists -have

been pioneers inthisfield. Thestudy of climatic fluctuations,

as shown by the behaviour of glaciers, necessitates a knowledge

of the relationship between the meteorological elements and the

accumulation and ablation. Radiation measurements are also of

the utmost importance in a detailed study of a glacier?s regime,

and only iu _recent years have reliable and reasonably accurate

radiation instruments been used in the field.

A complete historical survey of glaciological research

would, today, be a considerable undertakingj references will

therefore only be made to investigations of direct interest in

3 Ro v. Klebelsberg, Handbuch der Gletscherkunde und
Glazialgeologieo Wien: Springer Verlag, 1948, Preface.

4 A. Hamberg, "Zur Technik der Gletscheruntersuchungen,tt
Comptes Rendus IX Congres geol. internat. de Vi~nne 1903.
Wien, 1904.
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the present work. In Greenland a large number of explorers and

scientists have studied the meteorology and glaciology of the

Inland Ice (see BIBLIOGRAPHY: Belknap, Expeditions Polaires

Francaises, Freuchen, Georgi, Hobbs, Holzappel, Kopp, Lindsay,

Loewe, Maurstad, Mirrlees, Mohn, de Quervain, Sorge, Wegener),

but the published results have dealt with general meteorological

and glaciological observations, without attempting to evaluate

the influence of the different meteorological factors on the

glacier regime, a program emanating from aninterest in the more

meteorological aspect of the science. The investigations of

interest in this study are mainly those carried out in the past

thirty years around the northern-most parts of the Atlantic.

Ahlmann summarized this work in his paper of 1948,5 listing

geomorphological studies in Norway, the Swedish-Norwegian Arctic

Expedition of 1931, the Norwegian-Swedish Spitsbergen Expedition

in 1934, the Vatnaj~kull investigations in 1936-38, and the

North-East Greenland Expedition in 1939-40. The Karsa Glacier

studies of 1925-26 were continued from 1942, and further work

has been done in northern Sweden, in the Kebnekajse Massif, and

also in Norway.

Gradually, as these investigations were undertaken, the

problems became more precisely defined, andlately other workers

have taken up the challenge in other parts of the world, using

5 H. W:son Ahlmann, "G1acio1ogica1 Research on the North
Atlantic Coasts," Royal Geographica1 Society Research Series,
No. l, 1948.
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the methods elaborated largely by Ahlmann and Sverdrup.

I. RESEARCH PROBLEM

Statement of the problem. It was the purpose of this

study to (1) describe the meteorological conditions on the Penny

Icecap during the period from the latter half of May to the first

half of August 1953; (2) compare these conditions with those

observed on the Barnes Icecap by the author during the ablation

period of 1950; (3) calculate the heat balance at the snow surface

and to show the relationship between ablation and meteorological

conditions; and (4) compare the results with similar investiga

tions in other localities in the northern Hemisphere.

Importance of the study. Before 1950 nothi~g was known

about the climate of the ablation period on any Canadian glacier

oricecapo6 Wood noted that previous to 1948 it was difficult to

recall a single examp1e of studies carried out in North America

and devoted to the great areas of snow accumulation. 7

A closer understanding of the laws governing the behaviour

of glaciers necessitates cooperation between glaciologists and

meteorologists, since the problems of the two fields go hand in

hand -- precipitation with alimentation of the glaciers, interior

temperatures of ice and firn with air temperatureso As pointed

6 S. Orvig, The Climate of the Ablation Period on the
Barnes Ica-Cap in 1950, thesis submitted for the degree of M.Sc.,
McGil1 University, 1951, po 3.

7 W. Ao Wood, "Project Snow Cornice", Arctic, Vol. I, No.
2, Autumn, 1948, p. 107
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out by Ahlmann, glaciology requires meteorological observations

of a special kind. 8 General and local climatological information

is necessary to deterrnine the ablation, with observations from

the glacier surface itself. The investigations, during the past

thirty years, in the regions round the northern-most parts of the

Atlantic were undertaken partly to determine the behaviour of

glaciers in a changing climate, partly to obtain a moredetailed

knowledge of the importance of the different meteorological factors

in the process of ablation. They have been carried out during a

period with receding glaciers. Similar investigations have been

lacking from other parts of the world; particularly has the know

ledge of radiation at high altitudes been unsatisfactory.
\

It was desirable to study how the regime of glaciers and

its governing factors differ in other areas when approached along

the lines followed on the Norwegian-Swedish Spitsbergen Expedition

in 1934,9 and the same methods have therefore been applied to

observations from Iceland,IO from the Fr8ya Glacier on Clavering

Island on the east coast of Greenland,ll from a glacier in northern

8 H. W:son Ahlmann, "Glaciological Methods," The Polar
Record, Vol o IV, Noo 31, January, 1946, po 3160

9 Ho W:son Ahlmann, H. U. Sverdrup and Ho Olsson, "Scien
tifie Results of the Norwegian-SwedishSpitsbergen Expedition in
1934, · Parts 1-8," Geografiska Annaler, Vol o XVII, 1935, and Volo
XVIII, 1936.

10 H. W:son Ahlmann and S. Thorarinsson, "Vatnaj5kull,
Scientific Results of the Swedish-Icelandic Investigations 1936=
37-38, Chapters I-XI", Geografiska Annaler, Vol o XIX, 1937» Vol.
XX, 1938, Volo XXI, 1939, Vol. XXII, 1940, and Vol. XXV, 19430

Il Bo EoEriksson, "Meteorological Records and the Abla
tion on the Fr8ya Glacier in Relation to Radiation and Meteoro~
logical Conditions," Geografiska Annaler, Volo XXIV, 1942» pp.
23-50.
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Sweden,12 in north Greenland,13 and in the Antarctico 14,15 From

a recent review of the most conclusive results it is evident that

the relative importance of the climatic elements varies from one

region ta another. 16•

In North America glacial studies have been undertaken for

many years, particularly in Alaska and the Rocky Mountains, lately

(in 1952 and 1953) on the Saskatchewan Glacier in Banff National

Park, but these studies have been dealing mainly with the exten

sion of glaciers: their advances and recessions. Geomorphological

and botanical evidence has been used in working out the history

of glacier fluctuations;17,18,19 nothing has yet been published

12 Co Co Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland, 1942-1948," Geografiska
Annaler, Vol. XXX, Haft. 3-4, 1948, pp. 451-672.

13 B. Fristrup, "Climate and Glaciology of Peary Land,
North Greenland," Assemblee Generale de Bruxelles, DoGoGoI., 1951,
Tome I, Louvain, 1952, pp. 185-93.

14 G. Robin, "Queen Maud Land: The Scientific Results of
the International Expedition,11 The Geographical Magazine, Vol.
XXV, No. 6, 1952, pp. 283-93.

15 F. Loewe, "Glaciological Work in Terre Adelie in 1951:
Preliminary Report," The Journal of Glaciology, Vol o 2, No. 14,
Nov. 1953, ppo 248-49.

16 C. C. Wallen, "Influences Affecting Glacier Extension
in Northern Sweden," Assemblee Generale de Bruxelles, DoGoGoI.,
12i1, Tome l, Louvain, 1952, p. 149.

17 D. B. Lawrence, "Glacier Fluctuations in Northwestern
North America within the past six Centuries,"" Assemblee "Gener al e
d~_Bruxelles, D.G.G.I., 1951, Tome l, Louvain, 1952, pp. 161-66:

18 D. B. Lawrence, "Glacier Fluctuation for Six Centuries
in Southeastern Alaska and Its Relation to Solar Activity," 1he
Geographical Review, Vol. 40, No. 2, 1950, pp. 191-223.

19 L. E. Nielsen and Ao S. Post, "The Castner Glacier
Region, Alaska," The Journal of Glaciology, Volo ~, No. 14, Nov.
1953, pp. 277-80.
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on glacial-meteorological studies. The same is the case with

respect to the recent investigations of the Grinnell Icecap in

southern Baffin Island. This icecap occupies the summit of the

highland between Hudson Strait and Frobisher Bay, and was in

vestigated in the years 1927, 1929 and 1931,20 and again in 1937

by members of MacMillan's expedition. 21 Mercer and Blake from

McGill University studied this icecap in 1952, and Mercer again

in 1953,22 but the meteorological observations included only

temperature and precipitation. Sorne recent work on glacial-

meteorological problems has been attempted in North America,

such as that done on Project "Snow Cornice" on the Seward~

Malaspina Glacier System on the Alaska-Yukon boundary, in 1948,

1949 and 1951; and on the Juneau Ice Field Research Project,

yearly since 1948. On the latter expeditions efforts have been

made to obtain an actual determination of the total heat ex

change at the surface of glaciers in the area,2),24,2 5 but no

20 S. K. Roy, "The Grinnell lee-Cap," GeaI. Sere Field
Museum of Natural History, Vol. 7, No. l, 1937, pp. 1-19. -

21 So K. Roy, "Additional Notes on the Grinnell Ice-Cgp "
GeaI. Sere Field Museum of Natural History, Vol. 7, No. 4, 1938,
pp. 59-690

22 Wo Blake, "Studies of the Grinnell Glacier, Baffin
Island," Arctic, Volo 6, Noo 2, 1953, po 1670

23 Fo Pooler, "Brief Discussion of sorne theoretical Aspects
and Recommendations for future Meteorological Studies," Juneau
Ice Field Research Project, Report No. 6, 1952, po 990

24 Personal information from Co Jo Heusser, American
Geographical Society, and R. C. Hubley, Department of Meteorology
and Climatology, University of Washingtono

25 R. C. Hubley, "Preliminary Report on Meteorological and
Glaciological Studies on Lemon Creek Glacier," Progress Report,
J.I.FoRoP., 1953, p. 16.
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final results have been published as of March, 1954. Sorne pre~

liminary interpretations have been made, but the full .analysis

has been left for a later date. 26 Hare noted that the meteoro-

logical results of the Arctic Institute Baffin Island Expedition

of 1950 constitutes the first direct atternpt at glacial~climato

logical work in eastern Canada. 27

Because the study of North American glaciers has been

restricted to general descriptions of form and location, glacio-

logical research according to modern geophysical principles has

been given a high place in the research prograrn of the Arctic

Instituteo Such research might cast sorne li~ht upon the glacier

conditions in Canadian arctic regions and supplement similar

earlier work in other locations. The 1950 Expedition to the

Barnes Icecap was therefore followed by the 1953 Expedition to

another large ice area in Baffin Island. The meteorological

observations from these two 'expedi t i ons .pr e s ent a picture of the

climatic conditions during the ablation period on two icecapso

Thereby an increased understanding of the nature of sorne Canadian

icecaps is obtained o

II. DEFINITIONS OF TERMS USED

Ablation o The jointresult of the processes consuming a

26 Mo Mo Miller, "1951 Winter Season", Juneau Ice Field
Research Project, Report Noo 8, 1953, Foreword o

27 Fo K. Hare, "Recent Investigations into the Distribu
tion of Snow and Ice in Eastern Canada," Assemblee Generale de
Bruxelles, UoGoGolo, 1951, Tome l, Louvain, 1952, po 171 0
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snow or ice surface, in the first instance: melting and evapora

tion. The wind also removes snow, and calving of the glacier

front must also be considered as ablation. The greater part of

the ablation takes place: on the surface, but internaI ablation

(in crevasses and tunnels) can be important. The ablation area

is that part of a glacier where the ablation is larger than the

accumulation.

Gross ablation. The total quantity of melting, Gvapora

tion, wind corrasion, calving.

Net ablation. The amount of water actually lost to the

glacier by drainage, evaporation, calving and corrasion. The

difference in gross and net ablation is due to ;t~~ re-deposition of

water in lower layers, and the transport of snow from one place

to another.

Accmnulation. The joint result of the processes adding

to a glacier surface: snow, hail, hoar-frost, rime, drifting snow.

Also rain that is not drained off. The accumulation area is that

part of a glacier where the accumulation is larger than the abla

tion.

Budget year. The period, at the firn line, 'from first

snowfall of winter through the ablation season of the following

summer.

Firn line'. The firn line is the highest level on a glacier

to which a winter snow cover recedes during the following ablat ion
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season. The firn line (zone) separates the accumulation area

from the ablation area. At this limit the year's total accumu

lation equals its total ablation. If there is superimposed ice

the firn line is the lower limit of the superimposed ice.

Firn o Old, granular, compacted snow, covering the surface

of the accumulation area (neve area) throughout the year o

Regime of a glacier o The grand total of its entire accumu

lation and net ablation during a budget year. If in a budget

year the accumulation volume is larger than that of the ablation»

the regirne is positive; otherwise it is negative.

Summer, or sum:ner period. For the 1950 Expedition~ the

three months of June, July, August. For the 1953 Expedition :

from the middle of May to the middle of Augusto

III. OBSERVATIONS AND INSTRUMENTS

In the summer of 1950 the Arctic Institute of North America

sponsored the first Baffin Island Expedition. The expedit ion

members studied biology, geology and sea ice in the area around

Clyde (70027'N - 6$031'W), and also glaciology and rneteorological

conditions on and at the edge of Barnes Icecapo The glaciological

work was carried out by the expedition leader, Po D. Baird» and

by W. Ho Ward of the United Kingdorn Department of Scientific and

Industrial Research, at times assisted by others o The meteoro=

logical observations on the icecap were carried out by the author»
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who spent ninety-two days at the Main Campo This camp was

called A-l o

The second Baffin Island Expedition was in the field in

the Cumberland Peninsula area from May till September 1953 j and

worked along similar lines to the previous expedition0 28 The

general areas of investigation are shown in Figure l~ in which

also the Department of Transport weather stations are indicated0 29

The glaciological work was carried out by No Ho Ward and Po Do

Baird j assisted by Bo Ho Bonnlander of McGill Universityo Radia-

tion measurements were made on the icecap by Ward and the au~hor;

seismic soundings were made by other expedition members on the

icecap and on one of the outflowing valley glacierso The meteoro-

logical observations on the icecap were carried out by the author 9

who spent eighty-six days at the icecap campo This camp will be

known as Camp Al o

The glacier-meteorological studies on the Penny Icecap

were planned to include (1) the regime of the icecap~ in an

attempt to find the causes for the probable yearly variations of

the regime; (2) the ablation at Camp Al; (3) the meteorological

conditions at Camp Al, both at the surface and at different levels

above the surface, in an attempt to determine the importance of

28 Po Do Baird, "Baffin Island Expedition j 1953 j A Pre
liminary Field Report," Arctic, Volo VI, No o 4, 19530

29 1he station on Padloping Island was established by the
United States Air Force ih 1941, and operated by U. S. personnel
until October 19530 It was then taken over by the Royal Canadian
Navyo The operation of the station will later be transferred to
the Federal Department of Transport.
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the different meteorological factors in the ablation process;

and (4) as complete a study of radiation as possible, both as

a general study of high-altitude radiation in the Arctic 9 and

to be used in a study of the heat ex change at the icecap surface.

Character of the observations. The icecap station was

established on May 16th, and from May 21st to August 9th the

following meteorological observations were carried out every two

hours from 0800 to 2000 daily: pressure by aneroid; temperature

at three, thirteen and twenty-three feet above the surface;

humidity at three feet, byaspirated hygrometer; wind speed and

direction at six feet; also observations of clouds , cloudiness,

fog, visibility and ceiling. Three times per day, at 0800 9 1400

and 2000, maximum and minimum temperatures and precipitation

were measured. Snowfall was measured by stakes, rain by means

of an ordinary rain-gauge. Duration of sunshine was recorded by

a Campbell-Stokes recorder, and a barograph and a thermo-hygro=

graph gave continuous records of pressure, temperature and rela

tive humidity at three feet above the surface for eighty-one days.

Continuous recordings of incoming short-wave radiation

were made for eighty days with two bimetal actinographs ; and spot

measurements of net radiative flux and of incoming and outgoing

short-wave radiation were made on numerous occasions wi th spe '~

cially constructed radiometers.

Instruments. The f'oLl.owing instruments were kindly sup

plied by Mro A. Thomson, Controller, Meteorological Division»
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Department of Transport, Toronto: two MSC maximum thermometers

(ELLIOTT-26108 and ELLIOTT-F27958, both with correction cards);

two MSC minimum thermometers with correction cards (the one used:

TAYLOR-2990274); anà a MSC TYPE G ~imetal Actinograph for the

continuous recording of total solar and sky radiation received

on a horizontal surface over the period of a day. From the

Department of Trans?ort weather station at Frobisher Bay, Baffin

Island, the expedition obtained a standard Uo So Weather Bureau

instrument screen.

From the Montreal Office of the Arctic Institute the fol

lowing instruments were available: one compensated pocket aneroid g

reading pressures from 21 to 31 inchesj one CASELLA ASSMAmr aspi

rated hygrometer, with dry bulb thermometer No. 31367 and wet

bulb thermometer No. 31387; one Short and Mason anemometer No.

1-849, with correction card; one Short and Mason seven day baro~

graph Noo E 12651; one Short and Mason seven day thermo-hygrograph

No.L 1647; one standard 12 inch rain gauge and graduate.

From the Department of Geography, McGill University : one

Campbell-Stokes sunshine recorder.

Air temperatures at thirteen and twenty-three feet were

measured by thermistors placed on a collapsible aluminium mast,

twenty-three feet high, which was erected at the icecap station.

Leads from the thermistors were carried into the living tent,

where the temperatures were read on one of tWD portable calibrated

Wheatstone bridges. The same Wheatstone bridges were used to read

the temperatures from similar thermistors buried at various
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depths in the snow and firn. The Wheatstone bridges were made

and calibrated by Ward at the U o Ko Department of Scientific and

Industrial Research, where he also calibrated aIl thermistors

used on the expedition. Ward also brought from England a new

KEW TYPE" Robitzsch Bimetal Actinograph for additional cont i nuous

recording of the incoming short-wave radiation; and further a

GIER and DUNKLE TYPE blown plate radiometer for measurements of '

the net radiative flux, and two specially constructed radiometers

for measurements of both incoming and outgoing short-wave radia-

tion. These three instruments were constructed and calibrated

by Ward, using thermistors for the sensitive elements o

Wind direction was observed by a wind vane on top of the

mast o The instrrunent screen faced North, and its bottom was kapt

two feet above the snow surfilee. It housed a rnercury thermometerp

maximum and minimum thermometers and the thermo-hygrograph o

The sunshine recorder was placed on top of the screen p

levelled off in all directions and the latitude scale set for

67°N (latitude of the icecap station: 66°5$'30"N).

The aneroid and the barograph were kept in the living tento

The aluminium mast is shown in Figure 2, and a diagram of

Camp Al in Figure 3.

At the Base Camp in Pangnirtung Pass continuous weather

observations were taken throughout the surnmero 30 Several observers

cooperated in the work; the instruments and results will be dis~

30 Bo Ho Bonnlander, uBase Camp Climate," Arctic, Volo VIp
No. 4, 1953.
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cussed by Bonnlander. The records have been made available to

this author for the purpose of the present studyo

1V o GENERAL OUTL1NE OF THE WORK ON THE 1CECAP

Baird~ Ward and the author took off from Pangnirtung on

May 16th in the expedition's chartered ski-equipped Norseman air

craft» piloted by Go Ingebrigtson. After less than one hour~s

flying» the aircraft landed on the highest icecap dome in clear

and calm weather, and Camp Al was established at an altitude of

6725 feet (2050 meters) ab ove sea levelo The remainder of the

meteorological instrwnents were brought in on May l8th» and from

May 21st to August ~th observations were carried out every second

hour from 0800 ta 2000 daily. The last flight ta the icecap

station took place on May 24th, and on May 25th a reconnaissance

flight was made around the icecap, but without landing at Al.

The aircraft left Pangnirtung for Churchill on May 26th, and the

party was on its own: skis and man-hauled sleds were the means of

transportation for the rest of the season.

During the first week ablation stakes were planted near

the camp» and Ward commenced the work of installing thermistors

at different depths in the firn. Pits were dug and thermistors

for firn temperature measurements placed in drill holes down to

69~ feet below the surface. These thermistors were read through

out the surnmer until the camp was evacuated in Augusto

On June l4th Baird arrived at Camp Al ta relieve Wardin

the glaciological work. On June 2)rd Jo Thomson » the expedition
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photographer, arrived at the camp; he and Ward left two days

later for Camp A2. Baird continued glaciological work at the

icecap camp, while Ward did the same at different locations from

Camp A2, at the head of Highway Glacier, down to Base Camp in

Pangnirtung Pass. 3l In this area the Swiss members also worked p

doing seismic depth soundings ta determine the thickness of firn

and ice. 32 The positions of the different camps are shown in

Figure 4, which shows the area of investigation.

On June 27th Baird went on skis t owards the western part

of the icecap, reporting on his return that Camp Al was located

on the highest dome of the icecap.

By June 24th the snow surface was melting at an altitude

of 3400 feet, whereas at Camp Al only short, interrupted periode

of melting took place. The longest ones lasted about sixtY hours.

co~nencing on July 13th and on July 23rd. Although rain occurred

on several occasions in July, snowfalls were nevertheless frequ8nt

during the whole observation period, and the firn was refre ezing

downwards from the s ur fa c e and upwards from below for several

days before the camp was evacuated.

Baird left Camp Al- on July 12th, and the next morning Ward

arrived back after seventeen days of glaciological work at numer=

ous sites between Camp Al and Base Camp in Pangnirtung Passo

31 w. H. Ward, "Glacier Physics~" Arctic, Volo VI, No. 4,
1953.

32 H. n.othlisberger, "Seismic Sounding," Arctic j v-,i , VI .
No. 4, 1953.
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On August 8th Jo Marmet and Bo Ho Bonnlander arrived at

Camp Al to help in evacuating, and on August lOth the icecap camp

was abandoned 9 after eighty-six days occupation 9 with eighty-one

days of continuous meteorological and glaciological observations.

The investigations at tirnes suffered from adverse weather condi=

tions; fog, hoar-frost, winds and blowing snow sometimes made

even the routine observations difficult or impossible ta carry outo

Va THE PENNY ICECAP, ITS SIZE AND FEATURES

The Barnes Icecap has been described by members of the

1950 Expedition;33 the other large ice area in Baffin Island, the

Penny Icecap, lies in one of the most spectacular districts of

the Arctic, and it is considerably higher than the Barnes Icecapo

The first white man ta sight Cumberland Peninsula was John Davis~

who landed there in 15850 Since then the coasts and harbours

have become familiar to whalers from Scotland and New England,

but the inland has remained practically unknown o The German

anthropologist Boas was there in 1883-84, and in the twentieth

century Jo D. Soper and Lo Jo Weeks worked there,34 but nothing

had been done on the valley glaciers and the icecap itself o

Pangnirtung Pass cuts through the mountain region of Cum~

berland Peninsula, and the Penny Icecap extends northwestwaràs

33 S. Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, XXXIII, Vola 33.
Hto 3-4, 1951, po 172.

34 Po Do Baird, "Cumberland Peninsula of Baffin Island,"
Canadian Geographical Journal, Vol. 48, Noo 3, March, 19540
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from Pangnirtung Pass for sorne ninety miles, and is about twenty

miles wide. It is bounded on the northeast and southwest by

straight valleys partly filled with glaciers from the icecap and

partly with ice-dammed lakes. It covers about 2300 square miles,

almost identical with the area of the Barnes Icecap to the North.

Its long axis curves in a southeast-northwesterly direction, along

the presumed summit of the underlying mountains. In many respects

it is quite different from the Barnes Icecap. The ice generally

appears to be a few hundred feet thick, and it consists of a

series of domes connected by br?ad valleys which spill relatively

thick ice into more than a dozen l~rge valley glaciers, at least

ten of which are of major significance. The outer domes fre

quently terminate in ice cliffs, only one to two hundred feet in

height, above three thousand foot rock walls which form the valley

glacier troughs.

One glacier on the north side, and two glaciers on the

northeast side; reach sea level in the hea~of fiords. The

largest is Coronation Glacier, two miles wide and more than twenty

miles long. Figure 5 shows ice cliffs on rock walls overlooking

Coronation Glacier.

The icecap camp was located on the highest dome, 6725 feet

above sea level, near the southeast end of the icecap, and in

position 66058'30 nN, 65 0 28 ' W. From there the general level of

the icecap decreases towards the northwest to an elevation of

about two thousand feet. Southwards from the southeast end of
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the icecap lies the ten mile long Highway Glacier, one of three

glaciers that flow into Pangnirtung PasSe This glacier was used

as a ski route between Base Camp and Camp Al. Glaciological

research was concentrated at Camp Al and at numerous sites be

tween there and Base Camp, along this route. 3 5

The whole area was photographed from the air by the Royal

Canadian Air Force in 1948 and 1949, and a preliminary edition

of the new National Topographie Series map was reaày in 1951 on

a scale of eight miles to one inch. This map was used by the

members of the expedition. Base Camp was located at 1300 feGt p

Camp Al at 6725 feet, Camp A2 at 6300 feet, Camp A3 at 3314 fe6t~

and the lowest ablation stake at 1443 feet. Figure 6 shows the

Penny Iceeap with Camps Al and A2.

No high land was close to Camp Al. The distance to the

highest mountains, which rise to seven thousand feet over Pang~

nirtung Pass, is more than fifteen miles.

VI. CLIMATIC AND GLACIOLOGICAL CONDITIONS

In order to understand the glaciation conditions in the

area something must be said about the climatic conditions as far

as they are known. The only two stations on the Cumberland

Peninsula with weather records for several years are Pangnirtung

(66°09'N, 65044'W), with records from 1930 ta 1942, and Padloping

Island (67 006'N, 62021'W), with records from 1941.

35 WG H. Ward, "Glacier Physies," Aretie, Vol. VI, Uo . 4~

1953.
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01der sources give a few references to weather observa-

tions in this area, but these are scattered and of short dura=

tion. In general, these sources treat the climatic conditions

of large regions,36,37,38 and do not de scribe in detail the local

c1imates, which often vary considerably over relatively short

distances.

Observations from Kingua Fiord, now called Clearwater

Fiord, in the years 1877-78 (the Howgate Expedition) and 1882-83

(the German Polar Year Station) give the following means for tem=

perature, precipitation, and cloudiness. 39

TABLE 1

I~1EAN MONTHLY TEf,1PERA TU RES , CUMBERLAND SOUND

J F lo'l A ~l J J A S 0 N
~2002 -2409 -904 7.9 28.4 35 08 42.4 42.4 35.6 20.6 303

D Year Range
-905 12.7 67.3

TABLE 2

J
0.31

MEAN MONTHLY PRECIPITATION, CUMBERLAND SOUND

F M A M J JAS 0
0.31 0.55 0.51 0.75 2.28 3.39 1.18 2.17 0.59

D Year
0.75 13.7

N
0.91

36 Contributions to our Knowled~e of the M~~eorology of
the Arctic Regions. Pub1ished by theuthority of the Meteoro
Iogical Council. Parts l to IV. London, 1879-85.

37 J. Hann, Handbuch der Klimatologie, Band III, Stutt
gart, 1911 0

38 F. Baur, "Das Klima der bisher erforschten Teile der
Arktis," Arktis, Vol. II, Heft 3,4, 1929.

39 H. U. Sverdrup, nUbersicht liber das K1ima des Polar
rneeres und des Kanadischen Archipels," Handbuch der Klimatologie,
Band II, Teil K, Berlin, 1935, pp. 26-28.
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TAB.LE 3

kEAN MONTHLY CLOU DINESS, CUJ'ViBbRLAND SOUHD (0-10)

FIji A
5.5 6.4 6.2

M J
7.0 8.2

J A
8.0 7 08

S . 0
8.L~ 7.1

N
704

D Year
508 6.9

A thorough description of the climate requires a long

record, and no such record is available. There are, however»

four recent works dealing with the climate of the Canadian Arctic»

and Cwnberland Peninsula is included in these. 40 ,41 ,42 ,4J

The peninsula juts out into Davis Strait, and the distance

from the north shore to the Cumberland Sound coast is only a

little over one hundred miles. From the above tables it will be

seen that the precipitation is relatively hieh for an ar et i e

regian, and the rnean monthly temperatures, even at sea level and

a l ong distance from the outer coast, ar e well above freezing

for only two months of the year. The peninsula is mountainous,

with t ops up to seven thousand feet, and wide plateau surfaces

only a few thousand feet lower. The precipitation falls as snow

throughout most of the year irl the higher parts, and although

40 H. G. Dorsey, Meteorol0î-ical Charactcristics of Northern
Arctie America, thesis subrni tted 4 0r the degree of M.Se., Has sa- .
ehusetts Institute of Teehnol ogy , 1949, 71 pp.

41 F. Ko Hare, The Climate of the Eastern Canadian Aretie
and Sut-Aretie and its Influence on _!~ecessibilitl, thesis sub
mitted for the de gree of Ph.D, L'Universite de Mont r ea l , 1950»
440 pp.

42 ~. C. Wonders, Climate of the Canadian Ar et i e Ar chi pe l 
ago, thesis submitted for the de gree of Ph.D., Toronto University»
1951.

43 R. i"J. Rae, Climate of the Canadian Aretie Arehipe1ag,0 .
Toronto : Department of Transport, 1951, 90 pp.
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there are local continental regions with annual temperature

amplitudes larger than the normal for the latitude, the climate

on the whole is maritime in summer. The mean pressure distribu

tion in summer in the eastern Canadian Arctic has been described

by Hareo 44 The lowest pressure lies over southern Baffin Island,

and higher pressure over the Arctic Ocean; the abundance of

Maritime Polar air along the Baffin Island coast is readily ex

plainable, as the resultant flow over Davis Strait is from South

and Southeast.

The height of the ~no~-line is mainly dependent on the

climatic conditions in the area, but orographie factors are also

important. It must he assumed that temperature conditions and

precipitation do not vary to any considerable extent in the higher

(accumulation) areas of the peninsula: the climatic conditions are

favourable for continued glaciation in aIl the higher parts. The

distribution of glaciers is to a large extent governed by the

topography. H. R. Thompson, who studied the .geomor phol ogy of the

Pangnirtung Pass, has counted upwards of fifty glaciers on both

sides, sorne of them pushing down valleys to the very bottom of the

Pass, othemfilling hanging valleys and cirques.

It can also be assumed that the Penny Icecap is a survival

from before the post-glacial climatic optimum, since the present

day precipitation is too low for a reappearance of ice since that

time. The same conclusion was reached in the more northern region

44 Hare, op. cit., pp. 47-48.
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of the Barnes Icecap,45 which was found to be in a fairly

healthy state with an approximately balanced budget, only very

recent slight receding,46 and only a rather slight volumetrie

loss in 1949-1950.

The description of the variations of sorne of the Penny

Icecap outlet glaciers in historical times will be dealt with by

Ho Ro Thompson; from a preliminary examination it seems evident

that the valley glaciers in the Pangnirtung Pass area are in a

process of retreat, and thinning. 47

The easiest method of observing .t he variations of glaciers

is to measure the marginal oscillations. These are a consequence

of the thickening and thinning of glaciers and these latter

changes in volume are far more difficult to determine. The

glacier front reacts according to the size of the glacier~ and

i5 dependent also on the topography.48 Advances and retreats can

therefore takeplace at different times, even in the same region.

From a study of the outlet glaciers it is not possible to say

t with absolute eertai~~y if the Penny Ieeeap proper has a nega~

45 Po D. Baird, "Method of Nourishment of the Barnes Ice
Cap," Journal of Glaciology, Vol. 2, No. Il, 1952, p. 9.

46 Ro P. Goldthwait, "Development of End Moraines in East
Central Baffin Island,n Journal of Geology, Vol.59~ No. 6,
1951, p. 569.

47 Ho R. Thompson, "Geomorphology," Aretic, Vol. VI, No.
4, 19530

48 H. W:son Ahlmann, "Glacier Variations and C1imatic
Fluctuations~lt Bowman Memorial Lectures, Series 3, Am. Geogr.
Soco, New York, 1953, p. 8.
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tive regime at the present time o The higher parts of the icecap

still have a very short and interrupted ablation season» and

although the firn line lies higher now than it did in the recent

past, one would need to know if there has been an increase in

winter accumulation before coming to a conclusion on the question

of regimeo Over a long period of time a surplus may be built up

in the accumulation area, while the lower parts of the outlet

glaciers waste awayo A point may be reached when th e ice again

slides forward, more or less independent of the climatic condi

tionso Such a condition, according to Ahlmann,49 is especially

applicable to glaciers whose accumulation areas are situated on

plateaus high above the valleys constituting their main ablation

areas o Such are many of the Spitsbergen glacierso The Penny

Icecap closely resembles the icecaps of Spitsbergen o Further~

more, it. has three outlet glaciers terminating in the waters of

fiords; and most of the Spitsbergen glaciers terminate in float

ing tangues in fiords.

Sorne special types of polar icecaps have been described

in recent years, in Peary Land SO and Baffin Island0 51 The

classification "Baffin Type" has been givenby Baird to these

icecaps, whose nourishment is not by accumulation of firn but

49 Ibid, po Il

50 Bo Fristrup» "Climate and Glaciology of Peary Land,
North Greenland," Assemblee Generale de Bruxelles, UoGoG oIo,
1921» Tome l, Louvain, 1952» pp. 187-92.

51 Po Do Baird, "Method of Nourishment of the Barnes Ice
Cap ," Journal of Glaciology» Vol. 2, No. 11, 1952, p. 90
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by superimposed ice from the immediate refreezing of summer melt

water o The Penny Icecap is different from its northern neigh

bour, the Barnes Icecap. It is not of the "Baffin Type", be

cause it lies at a higher altitude and therefore reaches above

the local firn 1ine, about 5100 feet above sea level o

VII. OUTLINE OF THE THE3IS

The first step is to investigate how the meteorological

conditions in the Cumberland Peninsula area during the summer

of 1953 compare with the average conditions in that regiono

This comparison is undertaken in Chapter II. A comparison of

the winter precipitation in 1952-1953 with the average for a

long period is also carried out in that chapter, and as a result

of these comparisons it is possible to state the degree of nor=

mality of the ablation conditions in the summer of 19530

Chapter III deals with the meteorological observations

on the icecap during the summer of 19530 The temperature grad~

ient over the snow surface is discussed, and the temperature

conditions compared to those observed over a snow surface in

Spitsbergen, east Greenland, and northern Baffin Island o A

comparison of temperatures at Pangnirtung, Base Camp, and the

icecap is also undertaken o The influence ,Of the icecap on the

climate of the nearby land is discussed with the help of obser

vations made by other expedition members.

Humidity, wind and pres sure conditions are then treated,

and copies of weather maps for the stormy periods are presented,
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showing the possibility of cyclonic activity in Baffin Islande

The observations of clouds, cloudiness, fog and precipitation

are then treated. Chapter IV deals with the duration of sun

shine and the radiation measurements.

Chapter V is devoted- to the ablation conditions. The

measurements were actually carried out by W. H. Ward and P. D.

Baird with only occasional assistance from the authore Just

enough is said about the ablation measurements to suffice in

the present study, which mainly deals with the meteorological

work done on the icecap.

Chapter VI deals with the heat exchange at the icecap

surface.

Chapter VII is a study of the dependence of ablation on

different meteorological factors.

In the final chapter (VIII) the results are re-stated

and summarized to show the conclusions of the study.



CHAPTER II

THE WEATHER IN THE CUMBERLAND PENINSULA DURING THE

BUDGET YEAR 1952-1953

The closest permanent weather post to the icecap station

was Padloping Island, on the north side of the Cumberland Peri

insula, about eighty miles to the ENE, in position 670 06 ' N,

620 2l ' Wo Surface data are available from this station from the

sumrner of 1941, and the following tables sh()\'V rnean values of

temperature, precipitation, wind and cloudiness compared to the

values for the summer months of 1953. 1

Io SURFACE DATA FROM PADLOPING

Air temperatures, degrees Fahrenheit.

TABLE 4

MEAN DAILY TEMP~RATURE

Period: 1944-1953

AugustJU1~
41.
41.8

June
35.3
33.9

May
l'1 ean fo r period:
Mean for 1953:

TABLE 5

MEAN DAILY MAXIMŒ4 TEMPERATURE

Period: 1944-1953

Mean for period:
Mean for 1953:

May
. 29.0
32.9

June
40.9
38.8

JUl~
48.
48.6

l These data supplied by the Climatological Division 9
Do 3 0 Weather Bureau, Washington, D. C.
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TABLE 6

MEAN DAILY MINIMUM TE~lPERA TURE

Period: 1944-1'953

May June JUl~
Mean for period: . 16.2 29.6 34.
Mean for 1953 : 22.2 28.9 34.9

TABLE 7

ABSOLUTE MAXIMUM T~~PERATURE

Period: 1944-1953

M~~
June July

Iolaxo in period: 56 73
Iv'lax 0 in 1953: 45 47 73

TABLE 8

ABSOLUTE MINIMUM TEVœERATURE

Period: 1944-1953

Mar June July
IVlin. in period: -1 20 25
Min. in 1953 : s 25 27

August

59

29

The absolute minimum temperatures in 1953 were higher g

for each summer month, than the minima recorded during the nine

previous years. The absolute maximum temperature in Ju1y set a

ten-year record. The two months of June and August were, on

the who1e, slightly colder than the ten-year average; July was

exact1y normal. Only May was warmer than the average over the

last ten years, although its absolute maximwn in 1953 was three

degrees below the period abs01ute maximum of 4$0.

Reports from Pangnirtung in April indicated an ear1y
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. 2
sprlng, and this warm April weather lasted through most of May

in the Cumberland Peninsula o After four days of low tempera

tures at the end of May, the temperature conditions became more

seasonable, and remained very close to the ten-year averag$o

Precipitation, inches of rain and snow. The total pre

cipitation is the SUffi of rainfall and water equivalent of snow-

fall , calculated on the basis that ten inches of snow equals

one inch of rain o T: trace.

TABLE 9

r~AN MONTHLY PRECIPITATION

for snowfall: 1948-1953
Period: for rain 1944-1953

May June JUl~ August
Rain 0.22 0.5 0 0 44
Snow 0.90 0090 1.10
Total 0.35 0.31 0.67 0 055

Total for the four months: 1 088 inches.

TABLE 10

MONTHLY PRECIPITATION

Swnmer 1953

July
1.03
2.40
1.27

June
0.40
0 080

0.48

Rain
Snow
Total

Total for the four months in 1953: 2071 inches o

2 On April 26th the Hudson's Bay Company manager at
Pangnirtung, Ro J. Wickware, sent a radio message ta the Arctic
Institute suggesting that the Expedition arrive at Pangnirtung
as early as possible, due ta the spring season being advanced
by four weeks over normal. Indications in the Pangnirtung area
very definitely pointed to early springo
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The four months May.'- August in 1953 thus had 0 083 inch

more precipitation than the average over a longer period o

Wind, direction and speed in m.p.h.

TABLE Il

WIND, PERCENTAGE FREQUENCY BY DIRECTIONS

10-year period

May June July AUfust Mean
North 21 17 13 2 15 3/4
Northeast Il 7 4 6 7
East 10 10 12 13 11ft
Southeast 5 7 Il 10 8~

South 7 7 9 9 8'"
Southwest 3 5 5 4

Itt\~est 8 13 Il 13
Northwest 22 19 23 24 22
Calm 13 15 12 9 12;

TABLE 12

\VIND, PERCENTAGE FREQUENCY BY DIRECTIONS

Summer 1953

Hay June July August Mean
North 16 21 24 21 2°îNortheast 18 12 5 10 IL,.
East 6 7 4 3 5
Southeast 5 4 5 5 4 3/4
South 15 24 29 10 19!
Southwest Il 3 3 3 5
West 3 3 3 10 4 3/4
Northwest 13 16 là 29 19
Calm 13 10 9 9 10~

The months of May and August 1953 had the same percentage

of calm weather as the average for those months over a ten-year

period o June and July had less calm weather than the average.

The period as a whole had a little less calm weather than
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t he average summer. The season had about average amount s of

nor t he r ly and nor t hwes t er ly winds; less easterly a nd wes te r 1y,

but considerab1y more fre quent souther1y winds than the aver age .

Thes e prevai1ing southerly winds at Padl opi ng in 1953 were more

fre quent t han normal in May , June and especin11y in July. As

shown above~ however , t his does not s e em t o be of importance

in the temperature conditions. Figures 7 and 8 show the per=

centage frequency of wi nd by direct ion f or t he summer pe riod o

TABLE 13

\iTIND, PERCENTAGE FREÇ;UjjNCY BY SPEEDS

10-year period

Speed i n m.p.h o May June July August
32 and ove r: 0.7 0 . 7 0 . 3 1.4
13 - 31 24 0 1 18.6 16.3 16 0 7

1 ~ 12 62.0 66 01 71.4 72 0 7
Calm 13 .2 14.6 12. 0 9 0 2

TAB LE 14

\'i,IND, PERC.li:NTAGE FRK~UENC Y BY SPEZDS

Summer 1953

Speed in rn . p oh o May June July Auzu st0..:: . ~

32 and over : 2 08 0 0.4 0
13 ~ 31 31.8 14.2 16 01 21.4

1 - 12 52 04 76.2 74 . 2 6C) . 7
Calm 13 00 9 . 6 9 . 3 8. 9

TABLE 15

VyIND, PERCEN TfdJE FRE '~U EgC Y BY SPI:T';DS
FOR THE SOIJIHEH PERI OD

32 and over:
13 ~ 31

1 = 12
Calm

l ü-yeur period
0 .8

18. 9
68 .0
12 0 3

Summe r 1953
0.8

20 09

68.1
10.2
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As noted above, the summer of 1953 had a little less

calm weather than the average summer, but t he wind conditions

were very close to the average.

Cloudiness, tenths of sky covered.

TABLE 16

AVERAGE SKY CaVER

Period: 1948-1953

August
6.7
7.8

JulyJuneMay
Mean for period:
Mean for 1953

May and Augus t thus had a mean cloud cover only slightly

below the average for the last six years; June and July rather

more clouds than the average for the longer period o The dif~

ferences are not very large, however, and it must be remembered,

as pointed out by Rae,3 that the observations of cloud amount

are made non-instrumentally, and t he accuracy is highly depen~

dent upon the experience of the observer.

110 SDr"if.1AHY OF w"'EATIŒR IN THE CillvffiERLAND PENINSULA

DURING THE Sillv'lIVIER OF 1953

Padloping reports only surface weather observations

and pilot=balloon observations of upper windso There are no

upper air data available in the Cumberland Peninsulu o The

nearest radiosonde stations to the icecap station are those at

3 Re Wo Rae, Climate of the Canadien Arctic Archipelago.
Toronto: Department of Transport, 1951, p. 210
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Clyde (250 miles to the Northwest) and Frobisher Bay (230 miles

to the Southwest)0 The nearest settlement in Greenland is 320

miles due East, at Holsteinsborg o The weather observations at

Pangnirtung, on the south side of the Peninsula, were discon

tinued in 1942, after twelve years of records. It is therefore

difficult to he specifie in a comparison of the average weather

in the Cumberland Peninsula with the summer conditions in 1953.

The information obtained from the residents at Pangnirtung

indicated an early spring. The month of May was, apart from

the last four days, exceptionally fine and warmo However, June

and early July proved to be somewhat colder and wetter than

customary, and the break-up of ice in the Pangnirtung Fiord was

about normal. The rest of the summer passed very much in the

customary wayo

The north side of the Peninsula, as shown by the data

f r om Padloping Island, experienced a warmer May than the aver-

age; then the temperatures fell slightly below the average for

June and again for August; July was very close to normal. In

fa ct , the temperatures were, except for May, remarkably close

t o the average over a longer period, as the northern stations

of Canada often have a gr ea t er average variability of tempera=

ture from year ta year than the southern stations. A list of

ten stations at Hudson Bay-Hudson Strait and in Baffin Island

show an average variation in mean daily temperature for July

4of 2.3 degrees F.

4 R. DeC. Ward, C. Fo Brooks and Ao J. Connor, -»The
Climates of North America,» Handbuch der Klimatologie, Band 11 9
Teil J. Berlin: Verlag von GebrUder Borntraeger, 1938, po 374.
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The precipitation at Padloping was heavier· than normal

by 0.a3 inches, but as a total for a period of four months this

amount is not unusual. The greater amount of precipitation

whieh falls on the southern part of Baffin Island is mainly due

ta the proximity of this region to the mean track of cyclonic

storms from eastern Canada and the United States. In view of

the fact that the precipitation in this part of the Aretic is

of cyclonic origin to a large extent, the annual amount may

vary considerably from year to year.
5

The summer proved to be

only very slightly wetter than the average over a longer period o

At Padloping there were more southerly winds than the

average, but less easterly and westerly winds. The wind speeds

were quite close to normal summer conditions.

The cloudiness at Padloping was found to be gr ea t er than

the average in June and especially in July, but this need not

have been the case at t he icecap station. An on-shore wind will

usually bring a stratus deck over the coasts in the Aretic dur

ing the su~ner, and for the smaller Islands at least, a wind
6

from almost any direction will bring in a deck of low cloud.

At the altitude of Camp Al it was frequently observed that the

tops of the low clouds were below the station. Tt is probable

that the cloud conditions were close t a the average on the ice=

5 Rae, op. cit., p. 16.

6 ~., po 24.
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From the available data it is safe to assume that the

summer of 1953 was very close ta the normal. The month of r~ay

was warmer and slightly drier than the average; but this is of

little importance in our studies of the climate of the icecap.

The temperatures at that altitude are, in May, so far below
.

freezing that even a considerable increase would not influence

the regime. The months of June, July and August had seasonable

temperatures and precipitation, and on the icecap the swnmer is

cloud conditions were probably also close to the average for a

longer periode

The short, interrupted periods of melting on the icecap

caused several ice layers to be formed on the surface, each

layer in turn becoming snow covered. At the end of the ablation

season the top layers, formed in 1953, were found to be very

similar to those of previous years, now deeper in the firn.

The results of ablation measurements must abvays be

seen in relation ta the summer weather. The conditions in 1953

were very close to an average ablation season.

!II o PRECIPITATION IN THE CUMBERLAND PENINSULA

DURING THE WINTER OF 1952-1953

\Jhen evaluating the regime of the icecap for 1952=1953

it i8 necessary to know the total accumulation. On a "Baffin

Type" icecap this presents no problem, as the winter snow will
1

be deposited on solid ice. Such was the case on the Barnes Ice~

cap07 The following table gives the total precipitation at

7 So Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Vol. 33, Ht. 3-4,
1951, po 178.
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Padloping for the average winter, and the precipitation for the

winter 1952-1953.

TABLE 17

MONTHLY PRECIPITATION, AUGUST-MAY

A S 0 N D J F
Mean, six year period: 0.55 1.46 1.41 0.46 0.37 0046 0 025
August 1952-May 1953 · 0 020 1.39 2.61 0.42 1.65 1.03 1 030·

M A M
Mean, six year period: 0.15 0.14 0.35
August 1952-Ivlay 1953 · 0.35 0.27 0.24·

At Padloping the precipitation from August 1952 to May

1953 amounted to 9.46 inches, while the normal for the same

period i5 5060 inches. The normals for Padloping are only for

a six year period and are probably different from long-term

means. It is known that the annual amounts of precipitation

may vary considerably from year to year in the eastern Arctic.

Pangnirtung, on the south side of the Cumberland Peninsula,

recorded a precipitation of 18.16 inches from August 193 9 to

May 1940, but only about six inches from August 1940 to May 1941 A

It is reasonable to suppose that the accumulation on

the Penny Icecap in the budget year 1952 - 1953 was close to

the average. This fact, combined with the normal conditions

during the ablation season, must have resulted in a typical bud-

get year . The results of the investigations on the Penny Icecap

in 1953 can therefore be taken as a true picture of the average

conditions o



CHAPTER III

METEOROLOGICAL OBSERVATIONS ON THE PENHY ICECAP

l • TEMPERA TURE

The temperature is the most important meteorological

element in the study of ablation, for it is a function of all

the different meteorological factors, such as insolation, wind

and humidity, which influence the ablation. It is necessary,

in the study of the correlation between temperature and abla

t i on , to have temperature recordings taken on the glacier it

self, not only at a constant level, but also at several points

in the layer sorne meters above the surface.

The temperature was observed every two hours from 0800

ta 2000 daily by a screened thermometer and an Assmann psychro

rneter at three feet, and by means of thermistors at thirteen

and twenty-three fe ct above the surface. Continuous thermograph

r ecordings were taken for the whole period, and the trace is

only interrupted on May 28th and 29th, when the pen dropped

below the zero degree (F) base line. The two-hourly readings

at three levels are complete for the period May 21st ta August

9th, with the exception of the three foot readings on May 28th,

29th and June ~3th, when the weather prohibited aIl activity.

Controls of the thermograph were made three times daily

by the dry bulb thermometer. The temperature varied very slowly,

the greatest change being experienced on July 16th, when the

temperature dropped eight degrees in less than two hours. This
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took place between 2 and 4 a.m., after a day with very wet fog

and rain and a diurnal variation of temperature of only 3.5

degrees. The wind veered from SW to NE during the night, and

the temperature immediately dropped. The mean temperature on

the 15th was 33.1°, on the following day only 13.1°. Variations

of five to seven degrees within a minute, as reported by Eriks

son from the FrBya Glacier in northeast Greenland,l were never

experienced on the two icecaps in Baffin Island. Mean temper

atures for different periods, at three feet above the surface,
.

are presented in the following table.

TABLE 1$

MEAN TEMPERATURES

May (11 days l : Il.3 June: llt,S July: 25.$ August (9 days): 2~6 .

Period May 21 - July 12 (negligible ablation): 16.2

Period July 13 - August 9 (interrupted period of ablation): 26.4

Mean daily temperature for period of investigation: 19.7

The mean temperature for each day of investigation is

given in Table 1. The warmest days were July 24th and 25th with

a mean temperature of 35.6; the coldest day was May 28th with a

mean temperature of -9.4.

Five-day running means of mean daily temperature are

given in Table II. Figure 9 shows mean temperature for each

day, and five-day running means of mean daily temperature.

l B. E. Eriksson, .~Meteorological Records and the Abla
tion on the F~ya Glacier in Relation to Radiation and Meteoro~

logical Conditions,'f Geografiska Annaler, Vol. 24, 1942, po 23.
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Daily maximum and daily minimum temperatures are given

in Table IIIo The absolute maximum was 38.5 on July 25th, and

the absolute minimum was -13.5 on May 29th. The daily maximum

was not usually recorded at a certain time of day; on the aver

age the daily maximum fell between noon and 1600, while the

daily minimum rnost frequently was recorded between midnight and

0400 0 The extreme maximum occurred at 1500, during a short,

clear -period on a calm, foggy day. The minimum was recorded

around midnight, during a period of blizzard. Figure 10 shows

the daily maximum and minimum temperature.

TABLE 19

MEAN DAILY MAXIMUM AND MINIMUM TEMPERATURE

29.5
21.7

August{9 days)JU1~
29.
21.7

June
18.5
11.1

May {l l days)
hean daily max.:
Mean daily min.:

The daily range of temperature is given in Table IV.

The greatest daily range of temperature was 22.1 degrees and

occurred on May 29th. The least daily range was 1.7 degrees

on June 30th. May 29th had severe blizzard conditions, and the

great daily range was caused by the record low minimum: -13 0 5.

June 30th had very thick fog, sorne snow and heavy hoar-frost.

The mean daily range of temperature was greatest in

~ay~ 10.3 degrees, and the least in June, 7.4 degrees. For

July it was 8 00 and for August 7.9 degrees. The observations

on the Barnes Icecap in 1950 showed that during the periad of

continuous surface mel t i ng in July, the surface had a definite
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stabilizing effect on the air temperature. July had the least

mean daily range, 5.6 degrees, and the longest period of sur

face melting.
2

On the Penny Icecap the melting was of much

shorter duration, interrupted by periods of colder weather, but

there is evidence of a stabilizing effect by the surface during

the short melting periods. On the whole, however, the daily

range of temperature at Camp Al was dependent on cloud condi

tions and wind direction more than on the surface snow condi-

tions. A melt of sixtY hours' duration commenced on July 13th,

when the temperature cLi.mbed to 36.10
; one of thirty hours on

July 19th, which had of 0a maximum 35.0 ; and one of sixtY hours

on the evening of July 23rd. The thermograph traces for these

periods and the colder periods between are reproduced in Figure

11, and a slight tendency to a stabilizing effect by the melting

snow surface is noticeable in the three warQer periods.

A comparison of temperatures at Padloping, at Base Camp

and on the icecap. The following tables present a picture of

the differencesin temperatures at three locations: Padloping on

the coast, Base Camp at Summit Lake in Pangnirtung Pass (1300

feet above sea level, 24 miles from Pangnirtung Fiord and 28

miles from North Pangnirtung Fiord), and the icecap station at

6725 feet.

2 S. Orvig, T1The Climate of the Ablation Period on the
. Barnes Ice-Cap in 1950," Geografiska Annaler, Vol. 33, Ht. 3-4,
1')51, p. 182:
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TABLE 20

I~1EAN TEMPEHA TURES, JUNE

0800 2000 Mean Maximum Mean Minimum
Padloping: 38.8 28.9
Base Camp: 33.8 32.8 38.5 28.3
Icecap · 16.2 14.6 18.5 Il.1·

TABLE 21

MEAN TEI'1PERA'l'URES, JULY

0800 2000 Nean Maximum Mean Minimum
Padloping: 48.6 34.9
Base Camp: 41.6 40.9 47.6 34.4
Icecap · 27.3 26.8 29.8 21.7·

TABLE 22

MEAN DAILY TEMPERATURES

August
40.1
41.2 (26 days)

.,25.6 (9 days )

JUl~
41.
41.0
25.8

June
Padloping:
Base Camp:
Icecap

Figures 12 and 13 show the mean temperature at 0800 and

2000 and the mean maximum and minimum temperature at Base Camp

and Camp Al for the months of June and July. The maximum tem

perature is plotted at 1400, although the time of occurrence of

maximum temperature varied, and the minimum temperature is plot-

ted at 0400. Both these times are reasonably close to the

average time of occurrence. The mean temperatures a t 0800 and

2000 for Padloping are not available, but the mean maximum and

mean minimum temperature both for June and July are very close

to those recorded at Base Camp, aIl values at Padloping being

higher by one degree or less. The temperature curve for Pad-

loping would therefore most likely run very close to that for
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Base Camp.

Figure 14 shows the mcan daily temperatures at the

three stations for each of the four months May - AU8ust. It

must be borne in mind that the periods of observation in May

and August are of different duration for the three stations.

The May observations on the icecap include the last eleven days

of the month, and the probably lower temperatures earlier in

the month are not considered: similarly for the temperatures

after the 9th of August. The drop from July to August was

actually steeper than that indicated. The Base Camp temperature

observations include only the last eight days of May, and in

reality the Padloping curve should probably not drop below that

of Base Camp. The same is the case for August. 'l'he Padloping

value is the mean of )1 days, the Base Camp value is the mean

of 26 days. The difference in temperature between Padloping

and Base Camp is very small, the inland location of Base Camp

being counteracted by the higher altitude. In this connection

reference should be made to the differences found in 1950 be-

tween the temperature on the maritime coastal zone at Clyde,

and the more continental zone at sea level at the head of Clyde

Inlet, seventy miles inland, where rnean daily maximum for June

was 5.6 degrees higher than at Clyde.)

The rnean daily temperature increased from May to June

at a very similar rate for all three stations. Considering the

shorter observation periods at Base Camp and Al the increase

) Orvig, loc. cit.
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was probably similar to that at Padloping, where it amounted

to 6.3 degrees. This ·was before melting of snow and ice had

commenced. From June to July the increase in mean daily tem-

perature was 7.9 degrees for Padloping, 7.6 degrees for Base

Camp and Il degrees on the icecap. From July to August (again

considering the different lengths of observation periods) the

raean daily temperature decreased by 1.7 degrees at Padlopine;,

increased by 0.2 degrees at Base Camp (26 days of observation)

and must have decreased by consideraly more than 0.2 degrees

on the icecap. July was thus the warmest month at Padloping

and on the icecap, and probably also at Base Camp, as the tem

peratures there, on the last five days of August, may weIl have

been low enough ta give a mean temperature for August of less
o

than 41 •

The average difference in temperature between Base Camp

and the icecap station is calculated in the following table,

using the mean of the temperatures measured every day at oaoo,

1400 and 2000, for similar periods at the two locations.

TABLE 23

DIFFERENCE IN ~lliAN TEMPERATURES AT BASE CAMP AND Al

Base Camp:
Icecap :
Difference:

June July
OaOO 1400 2000 OaOO 1400 2000
33.8 38.0.32.8 -41 . 6 46.0 40.9
16.2 16.6 14.6 . 27.3 2a.O 26.8
17.6 21 . 4 18.2 14.3 18.0 14.1

August (9 days)
0800 1400 2000
40.7 48.9 41.3
27.2 27.9 26.8
13.5 21.0 14.5

The average difference was 17 degrees. The altitude

of Base Camp was 1300 feet, that of Al 6725 feet. The average

difference was thus 0.31 degrees F/IOO feet, or 0.56 degrees
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C/IOO meters; this is practically the same as the Mean lapse

rate of the free atmosphere and is to be expected, as the air

moving across the icecap from any direction passes over land

which is partly snow and ice covered, and the air is not subject

to much warming from the ground. Referenceshould here be made

to a similar calculation of temperature differences between

Clyde (on the coast) and the icecap station on the Barnes Ice

cap. A temperature gradient of 0.6 degrees CjlOO meters was

found in this locality,4 indicating a uniform value over large

areas in Baffin Island.

Temperature conditions at three levels above the surface

at station Al. The vertical variations of temperature above

the glacier surface must be ascertained in order to study the

heat balance at the surface. This is of fundamental importance

in the ablation process. The temperature observations were

undertaken at three levels: three, thirteen and twenty-three

feet above the surface. Thermistors were placed at these

heights ori an aluminium Mast, and the three foot readings from

the thermistor were compared with the simultaneous readings

from the Assmann dry bulb thermometer. A small correction was

usua1ly necessary and this correction was then app1ied to the

thermistor readings at thirteen and twenty-three feet. The

thermistors were calibrated, but at times a combination of

strong radiation and calm weather caused a slightly higher

reading than that recorded by the ventilated dry bulbthermometer.,

4 Ibid., p. 184.
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w. H. Ward again calibrated the thermistors on his return ta

England, and the readings are of a degree of accuracy comparable

ta the therrnometer readings.

Figure 15 shows the two higher thermistors on the

aluminium mast. The leads were extended into the living tent,

where the temperatures were calculated by Wheatstone bridge and

tables. Figure 16 shows the thermistor at three feet above the

surface. Table V gives the daily rneans of seven temperature

observations, carried out every second hour from 0800 ta 2000

daily, for the three levels above the surface.

On the Barnes Icecap, in 1950, it was found that, except

for a very few cases, the temperature increased with height above

the surface of the 5
The same was not the on thesnow. case

Penny Icecap, as can be seen from Figure 17, in which the tem-

peratures given in Table V are set forth graphically. Above-

free zing daytime temperatures were recoràed at all three levels

on July lJth, 14th and 15th, on July 19th and 20th, on July 24th

and 25th, and at twenty-three feet on July 28th. In August

only the 5th had above-freezing daytime temperature.

Thirteen days of a total of seventy-five days with com

plete recoràs show a temperature distribution like that found

ta be rnost frequent on the Barnes Icecap: increasing with height

above the surface. Five of the eight days with above-freezing

temperatures at all three levels haà this temperature distribu-

tian, indicating a 1055 of heat ta the rnelting snow surface.

~~enty-nine days of the total seventY-five show decreasing tem-

5 Ibid., p. 185.
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Fi g . 15 . The r mi s t or s on i .a at ,
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r i g . 16 . 'l'he The r-m.i et or 2t 'I'hre e Fe e t ,



- _._._ __. _ ;-----;- ---. _ : -.- _..-:i

!....1

..~ .- .. ....:.... ..... !.....: .~ ...;.

··f·· ! 1 j ..!. : · 1· ' : ...: '.j . T· r····
, ,!!! ' .. . . ! .: j...! ! : i ..JI ...

...........__., _ ] ....... ...j _..1 ..l__I_._..L.._..l.__ l._ _L L_.I__i_ _.L_. _
!

-.-1 _..: :

... _L-lii [ ml · I· 'J::+I 'i...:.1.1 .. f- .. : . 1: r i t:::-:I2:ttif:lifITt\JIi~cfut~

r·
_. _. .

··T····· ··

':

.- ·20

--....-'--.'--.-.-- - - . ...'-..-'- f--'.- . .~_..- j

L -i -1---1 __ ....:~!····l ········ ;-········\···

- ·r- - ·

..__._ .._-_.__..-._--_ .. .. .---

....._. ..__ .L._ : _L _ _

- - -,---- - _.._---- _._--- -

25 1 5 IV

.-.;._ -"-:-MA4 ···__'-__ ····_· :·· · ·_~··· ·_ · JUN E..._...
, .- :

21

.t.

32

!
j
1

._.- -.- - .--;-..- .---,- ·I-···-··········.i.···· .

. '!

~--: ·-rj··-···-!·····-!

T· · : ; : :

; i ~ . : i 1
;

--'--- -'-- - -- _._. .--;----'-_._._-



- 62 -

perature with height. Eighteen days ~ow increasing temperature

up to thirteen feet, then decreasing to twenty-three feet. Fif-

teen days show decreasing temperature up to thirteen feet, then

increasing to twenty-three feet. Nine days had the same tem-

perature reading at thirteen and twenty-three feet; in three

cases this reading was higher than the three foot reading, in

six cases it was lower.

On the Barnes Icecap 78 per cent of the time had a

"normal" gradient of increasing temperature with height. Increas-

ing temperature to thirteen feet, and then decreasing, was ex-

perienced 20 per cent of the time, and the lowest at thirteen

feet only 2 per cent of the time.

On the Penny Icecap this "normal" gradient of increasing

temperature with height was only measured 17 per cent of the

time. Increasing temperature up to thirteen feet, and then de

creasing, was recorded for 24 per cent of the time. Decreasing

temperature to thirteen feet and then increasing, was recorded

for 20 per cent of the time. A straight drop in temperature

with height was recorded for 39 par cent of the time. A com-

parison of the two icecaps is given in the fol1owing table.

TABLE 24

TEMPERATURE GRADIENTS OVER THE SURFACE

per cent of time

Barnes
Penny

Increasing
with height

Icecap: 78
Ice~ap: 17

Increasing
then decreasing

20 .
24

Decreasing
then .i nc r ea s .

2
ta

Decreasing
with height

o
39
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This table shows that the temperature distribution

above the surface on the Barnes Icecap was, in rnost cases, a

very stable one. Wallen found the same on the Karsa Glacier

in northern Sweden. There an unstable lapse rate was only ex-

perienced in spring, and then a1most exclusively when the tem

perature was below freezing. 6

The conditions on the Penny Icecap were found to be far

more unstable. The stability conditions are complicated, but

the more frequent unstab1e lapse rates were experienced in May

and early June. In this period no cases of straight increase

with height were found. The stable conditions found on the

Barnes Icecap indicate that heat must have been transported from

the air to the icecap surface during most of the ablation season.

The air temperatures were above freezing for a long period,

partly due to the relatively low altitude. In the cases of

below-freezing air temperatures the surface sometimes (because

of radiation conditions) was at melting temperature and a more

unstable distribution cou1d be found in the lower layers. On
o .

the Barnes Icecap the average lapse rate was f13.1 F/IOO feet

= t24oJ/IOO meters between three and twenty-three feet; on the

days with increasing temperatures up ta thirteen feet the average

lapse rate was -4.6°F/IOO feet = -80 C/ 100 meters between thirteen

and twenty-three feet. On the Penny Icecap the mean temper~tures

at the different levels were as .s hown in the follawing table D

6 c. C. Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Vol. 30, Ht. 3-4, 1948, p. 514.
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TABLE 25

~lliAN TEMPERATURES AT THREE LEVELS

8.7 .
22.3
22.4
16.9

2~ fest
27.9
23.3
21.7
17.4

13 feet.3 feet
27.1
22.3
22.7
18.4

Increasing with height
Increasing, then decreasing:
Decreasing, then increasing:
Decreasing with height

It is seen that the c01dest period had the most unstable

conditions, which corresponds to 1vallen ts results as mentioned

above. The 17 per cent of the observations which showed very

stable conditions fell, on the whole, on the warmest days. It

must be borne in mind that these observations are of daytime

temperatures only, but they give a good picture of the actua1

conditions because the daily variation of temperature was sma11.

In a very detailed study of the temperature distribution at

different levels one would have to use potentia1 temperature

instead of the actual temperature. The amounts to add to the

actual ternperatures to obtain the potential ternperatures at

three, thirteen and twenty-three feet are respectively: 0.016,

0 007 and 0.12 degrees Fo These amounts are of the sarne order

of magnitude as the observational errors in the temperature re.

cordings, and actual temperatures have been used throughout this

chapter o

The lapse rates for the different degrees of stability

are shown in the following table.

1
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that the icecap acts as a temperature stabilizer. It endeB.vours

to lower the air temperature ta 32 0 , its own temperature in the

ablation season o The investigations by Eriksson of the Fr8ya

Glacier records gave the results that a maximum frequency was

found in the interval 40.10-41.90 at 4.8 feet above the surface,

and no negative temperatures o15 At only 3.2 inches above the

surface the temperature was usually as high as 35.6°0 On Claver-

ing Island, therefore, the glacier is incapable of reducing the

air temperature to freezing o On the other hand, Sverdrup found

on Isachsen's Plateau 16 that the maximum frequency occurred in

the interval 32 09 0 - 3403° , or the same as found on the Barnes 1ce

cap. Furthennore, both the curves for 16.4 feet and 1.6 inches

above the snow surface on 1sachsen's Plateau include below-freez-

ing temperatures, and the effect of the cold surface is present

even at 16.4 feet, where there is a marked drop in the frequency

curve at 36°. The frequency curves for the Barnes Icecap showed

exactly the same characteristics, only the curve for the highest

level showing a tendency ta approach a symmetric form, as the

cooling effect of the melting snow surface grew less.

The features of the frequency curves from 1sachsen's

Plateau and the Barnes 1cecap correspond ta the de~idedly lower

"temperature in those localities, as compared to the Froya Glacier o

A most important feature is that the frequency maximums on 1sach-

sen's Plateau fell within the same temperature interval for the

15 Eriksson, op. cit., p. 26.

16 Sverdrup, op. cit., po 38.
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three heights investigated (1.6 inches, 3.3 feet and 16.4 feet).
o 0

This interval was 32 09 -34.3 0 On the Barnes Icecap the fre-

quency maxima for the three heights (3, 13 and 23 feet) also fell

within the same interval, 32010-36.00 • On the Fr~ya Glacier,

however, the maximum frequency occurred at higher temperatures

with increasing distance from the snow surface. This displace-

ment of the maximum also occurs on the Karsa Glacier. This

circumstance suggests that the supply of heat to the glacier by

"way of convection is especially large on the Froya and Karsa

glaciers, in cornparison with conditions on Isachsen's Plateau

anà the Barnes Icecap. Conditions are very similar in the latter

two locations.

The Karsa and Fr~ya glaciers are comparatively small.

The Fr8ya Glacier is situated in a valley, and the air tempera-

tures depend largely on heat radiation from surrounding land.

The Karsa Glacier is also influenced by local conditions. These

two glaciers are fairly similar in size and setting, as illus-

trated by a similar frequency distribution of temperature above

the surface.

The frequency distribution of temperature over plateau

glaciers and icecaps, like the Barnes and Isachsen's, shows the

same characteristics in the different locations, and it is clear

that over those icecaps there is only a relatively small amount

of heat available for ablation by way of convection.

When studying the frequency distribution of temperatures

over the surface of the Penny Icecap (Figure 18) it is evident

r
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that the main characteristic of icecap distribution is present

there also: the frequency maximum falls within the same tempera-

ture interval for aIl three heights and there is no displacement

of the maximum. The conditions are favourable for lowering the

air temperatures above the surface on aIl the icecaps. The sur-

face melts for a relatively long period on the Barnes Icecap and

on Isachsen's Plateau; the maximum frequency therefore falls just
oover 32. No such continuous melting period was experienced on

the Penny Icecap, where the maximum frequency fell in the inter

val 240_26 0
• Camp Al on the Penny Icecap was situated so high

above the firn line that only sporadic ablation took place. This

fact is important in our investigations of the conditions on the

Penny Icecapo The interrupted, short periods of ablation can be

studied in detail, with few disturbing factors, because of their

short duration o As a preliminary conclusion it may be stated

that the supply of heat to the icecap by way of convection is

small.

Temperature and wind direction. 1he relation between tem

perature and wind direction is seen by the following compilation.

TABLE 27

WIND DIRECTION AND MEAN TEMPERATURE AT THREE FEET
ABOVE SURFACE-

Wind from :
Mean t.emp s :

N
19.1

NE
21.9

SE
26.9

S
23.0

S\i
20.1

w
26.5

N\'l
23.5

Calm
27.6

This table gi ves the means of aIl daytime temperatures

recordings with the main wind directions. There is no direct

r
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relation between wind directi on and temperature, because the

distribution of wind directions was unequal throughout the

period o In May and early June, when aIl the surrounding land

was snow covered, southwest and south winds were very frequent o

These directions therefore show a relatively low mean tempera

ture o West and southeast winds were rather cornmon during the

short periods of ablation, when the air temperatures reached

several degrees above the melting pointo The number of cases

recording north wind was negligible, totalling only l per cent

of aIl observations o

Both tempe rature and wind is controlled by the general

pressure distribution in the area. As was found in a similar

investigation into the relation between temperature and wind

direction on the Barnes Icecap, it is the time of occurrence,

(early or late in the season) and the the cloud conditions that

govern the temperature-wind direction relationship. The season's

barometric pressure distribution is the most important factor:

indeed, an indication of a purely geographic control cannot be

observed in the temperature readings. The mean temperature with

winds from SW-S-SE was 21.9°, while the mean temperature with

winds from IDv-N-NE was 22.40
0

Diurnal variation of temperature. The average march of

temperature through the day at the three levels is shown in Table

VII. The means for 1600 and 1800 at thirteen feet for the eleven

days of May, and the mean for 1800 at twenty-three feet have been

omitted as only three measurements were undertakeno The reasons
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for this dearth of observations in the early period were various,

sueh as general work eonneeted with the establishment of the

eamp~ erection of radiation instrwnents, installation of ther-

mistors, etco The other values given in the table are averages

for the months, and for August the averages are given of the

nine measurements undertaken at each height before the camp was

evacuated on August 10tho

These mean ternperatures are set forth in Figures 19, 20

and 21 0 Figure 19 shows the temperature variations at three feet o

July days were warmest, but the means of aIl two-hourly tempera

ture readings throughout the day stayed weIl below freezing o The

first nine days of August had temperatures very similar to the

average for July and a longer period of observation would pre

sllinably have given a result similar to that on the Barnes lcecapo

There August days were warmer than June days, but several degrees

colder than July dayso17 Figure 19 shows that the temperatures

were steady throughout most of the day in July and early August;

in June and late May the conditions were rather more complicated,

the daily maximum occurring at differing times with the result

that May shows the highest mean temperature at 1200, while June

had the highest mean temperature at 1600 0 The fact that the

eleven days of May show a higher mean temperature than June days

before 1400 is fictitious, indicated by the stippled curve from

0800 to 1400 0 A few temperature readings were missed during the

17 So Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Volo 30, Ht. 3-4,
1951, po 190 0
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blizzard of May 2Bth-29th. The curve for the last eleven days

of May should, in fact, run several degrees below the June curve.

Figure 20 shows that the temperature conditions at thir

teen feet were rather similàr to those at three feet. The aver-

age daily maximwn fell around 1400 in late ~~Yo In July and

early August the ternperatures were rather steady throughout the

day, sirnilarly to that found at three feet o Only the daily

march of temperature in June shows irregularities, and these are

found to be present also in Figure 21, which shows the tempera

tures at twenty-three feet above the surface o The average June

temperatures at all three levels are lower at 1200 and 1400 than

at 1000 and 1600 0 The average maximum at three feet was re

corded near 1600, at t.hi r-t e'en feet and .'twenty~three feet near

1000 0 There is no common factor which explains this drop of

average temperature between 1000 and 1600 in ~uneo It took place

on a total of eight days; on sorne clear calm days, on sorne fogf,Y

calm days, and on sorne days with strong steady winds o

The therrnograph records also show that the diurnal

variation of ternperature was irregular. On the Barnes Icecap

it was found that the diurnal variation was fairly well defined,

both on days when the temperatures were partly or completely

below freez ing, as well as on days with above freezing ternpera

tures only.1B On Isachsen's Plateau in West Spitsbergen Sver

drup19 found that the temperature showed a well defined diurnal

18 Ibid o, po 191 0

19 Ho Do Sverdrup, "Resu1ts of the Meteor01ogical Obser
vations on Isachsen's Plateau," Geografiska Annaler, Vol o lB,
ue , r , 1936, po 380



- 78 -

variation on days when it was partly or completely below freez

ing, but that on days with only above freezing temperatures the

diurnal variation was irregular o

The irregular diurnal variation of temperature on the

Penny Icecap is demonstrated by means of the following compila-

tion, which for two groups shows the mean temperature at every

second hour throughout the day at the three heights o

TABLE 28

MEAN TEMPERATURE EVERY SECOND HOUR ON SEVEN DAYS WITH
ABOVE FREEZING TEMPERATURES ONLY

Hour
0800
1000
1200
1400
1600
1800
2000

rsre,
34.2
34.3
350 0
35 0 8
3507
360 0
35.7

TABLE 29

I~AN TEMPERATURE EVERY SECOND HOUR ON SEVEN DAYS WITH
BELOW FREEZING TEMPERATURES ONLY

Hour
0800
1000
1200
1400
1600
1800
2000

3ft.
24.3
250 0
2503
25.9
260 4
250 1
2406

13ft.
23.5
23.4
2303
25.6
26 0 2
24.4
2405

23ft.
2304
24.1
23 08

25.6
26 02

24.8
24.9

Figure 22 shows the conditions in the two cases o On

days with above freezing temperatures only, the surface remained
oat a temperature of 32 , and the variation of air temperatures

in the course of the day was due to the main1y unperiodic changes



i
·r

~-+

.. .~.
i
j

- 79 -



- gO -

in the temperature of the air masses which moved over the ice-

cap. On days with above freezing temperatures only, the air was

stable below twenty-three feet. As shown in Table 25 (p. é4)

the coldest period had the most unstable conditions, and this

was the case on individual days as well, as can be seen in

Figure 22 (below). On days with only below freezing tempera

tures the surface was frozen throughout the day and the surface

temperature could, therefore, sink to low values, but could not
orise above 32. The diurnal variation was even moreirregular

than in the case of days with above freezing temperatures only,

and the importance of unperiodic changes in the temperature of

the air masses is greater over snow surfaces at high altitudes

(the Penny Icecap) than over snow and ice surfaces at lower

altitudes (the Barnes Icecap and Isachsen's Plateau).

Over the lower icecaps the stratification is also stable,

on the whole, even on da ys with o'nly below freezing temperatures,

at least below thirteen feet. In the majority of cases the air

is stable up to twenty-three feet, over the lower icecaps, and

stability prevails. Over the surface of a high-lying icecap it

is to be expected that the cold days (below freezing) have un

stable conditions, and only the warmest periods will show stable
20

conditions.

Temperature at the edge of the icecaps. The conditions

at the southern edge of the Barnes Icecap were found to be ideal

for an investigation into the differences in air temperatures

20 Cf. ante 9 p. 64.
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over short distanceso Simultaneous readings were carried out

at the icecap station and at another glaciological camp on the

bare land Just off the southern edge of the icecapo It was

found that during the period when the land is free of snow, the

effect of the icecap on the clirnate of the surrounding land is

.. l Il 21surpr1s1ng y sma 0 The air temperatures near the surface

depended more on the amount and absorption of radiationo Tem-

perature readings on the Seward Glacier in Alaska showed that

the temperatures averaged six to ten degrees Fo lower on the

glacier than at the camp site, which was on a rock crest of a

nunatak in the middle of the glacier o Minimum temperatures at

the glacier airstrip, 350 feet lower and two and one half miles

from the research station, were found to be as much as fifteen
22

degrees lower than those observed at the station. The impor-

tant factor for the summer temperature conditions is the presence

of snow-free ground during periods of insolation.

The Barnes Icecap was found to have no influence on the

fog formation and amounts of sunshine recorded over the sur-

rounding lando After the land became snow covered the difference

in temperature between the edge of the ice and the nearby land

became negligible o No such instrumental investigation was

undertaken near the edge of the Penny Icecapo This icecap in

its northwestern parts is somewhat similar to the Barnes Icecap,

21 Orvig, opo cito, po 1950

22 W. A. Wood, "Project Snow Cornice," Arctic, Vol. l,
Noo 2, Autumn, 1948, po 111 0
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but in its southeastern part, where the 1953 Expedition was

working, the icecap covers high plateau mountains and spills

thick ice into steep valleyso It is possible, however, to judge
to

the influence of the icecap on the climate of the surrounding

land from observations made by expedition members who travelled

near the edges of the ou~flowing glacierso Po Do Baird travel

led from Camp Al on July 2nd and returned on July 4th, having

investigated a lake at the southern edge of the icecap ten miles

southwest of the icecap stationo This lake was approximately

3080 feet above sea level, and it was covered with ice forty

four inches thick o The vegetation close to the icecap edge in

cluded potentilla, heather (in flower), willows and so~e short

stemmed poppies o The shade temperature at about 1 porno was
o 2355 Fo The vegetation was observed also on the trip down

Coronation Glacier when the icecap station was evacuated. Close

to the ice surface on steep rock walls large areas were coloured

green from mosses, lichens, Saxifrage and other pioneer flower

ing plants, proving the importance of radiation and snow-free

ground in raising the air temperatures, in spite of the nearby

cold iee masses. On numerous occasions, when thick fcg was

eovering the dame where the icecap station was situated, a short

run on skis down the north side of the dome towards Coronation

Valley would take one under the fog. The dames of the icecap

and its main body, stretching northwestwards, could not be seen

because of fog, but the outer edges of the domes and the snow-

23 Personal information from P. Do Baird
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free ground were in the clear o Regardless of altitude, it seems

that the icecaps and glaciers in Baffin Island exercise very

little control over the climate of the surrounding land o

110 HUMIDITY

Humidity measurements were carried out every second hour,

from 0800 to 2000 daily, at three feet above the surface o The

humidity was observed by means of a Casella Assmann aspirated

psychrometer, and a continuous trace of relative humidity was

obtained by the thermo-hygrograph o Both of the se methods are

unsatisfactory at low temperatures, as the difference is then

small between the wet and dry bulb readings, and the lag of the

hair hygrograph becomes greater o

In winter the relative humidity of the air over the ice

in the Arctic Ocean always remains near 100 per cento The lowest

value observed by Malmgren in 1923-25, during the Norwegian North

Polar Expedition in the "Maud", was 83 per cent, and the highest

value was 122 per cent. Supersaturation was met with at low

temperatures, low wind velocities and clear skieso 24 Super-

saturation was frequently experienced on the Penny Icecap, but

only with low temperatures and fog. When the air temperatures

were close to the freezing point difficulties were also exper

ienced in measuring the humidity, especially on the few occasions

25when the air was relatively dry. Sverdrup has pointed out the

24 R. Wo
po 35, citing Ho
Polar Expedition
1935, po 250 0

25 Ho U. Sverdrup, "The Eddy Conductivity of the Air over
a Smooth Snow Field," Geofysiske Publikasjoner, Volo Il, No o 7,
Oslo, 1936, po 26 0
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difficulties encountered in the humidity measurements on Isach-

sen's Plateau at temperatures around freezing point, when the

adjust~ent to the correct temperature reading took a long time.

When the water which is applied to the muslin cover of the wet

bulb freezes; the adjustment is especially slow. Sverdrup found

that directly above the snow surface on Isachsen's Plateau the

air was, as a rule, saturated with water vapour, but at greater

distances from the surface the air could be very dry. On the

average the relative humidity decreased with height, but the

vapour pressure increased somewhat since the temperature in

creased with height. 26

On the Barnes Icecap the relative humidity was measured

at three feet and at twenty-three feet above the surface with a

sling psychrometer o Great difficulties were experienced, es

pecially near the freezing point, and also due to the thermometers

of the sling psychrometer being unprotected from radiation. On

Wegener's crossingof Greenland cornparisons were made between

Assmann and sling psychrometer readings, and it was found that

in sunny weather the sling psychrometer readings were up to 1.2

degrees C. too high0 27

The measurernents of humidity have caused difficulties to

26 Ho Db Sverdrup, "Results of the Meteorological Obser
vations on Isachsen's Plateau," Geografiska Annaler, Volo 18,
Hto l, 1936, po 41 0

27 Jo P. Koch and Ao Wegener, "Wissenschaftliche Ergeb
nisse der Dgnischen Expedition nach Dronning Louises Land und
quer nber das Inlandeis von Nordgr8nland 1912-1913," Meddelelser
om Gr8nland, Bd. 75, Part 2, Copenhagen, 1930, p. 5390
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all investigators on glaciers and icecaps. Wallen28 mentions

the fact that the registrations of humidity on the Karsa Glacier

were far more uncertain than those of temperature, and errors

in the values of relative hwnidity up to 5 to 10 per cent are

possible.

On the Penny Icecap attempts were made, on May 2lst and

22nd, to start regular humidity measurements at thirteen and

twenty-three feet. It was found that the airwas saturated to

the highe~level, and numerous attempts throughout the period

failed to prove a great difference between the lowest and highest

levels. It must be borne in mind that the air temperatures in-

creased with height over the Penny Icecap surface for only 17

per cent of the time; for the rest of the time even a decrease

in vapour pressure would not reduce the relative humidity at

height, because the air temperature decreased. Even on days with

increasing temperature at height over the surface, a definite

humidity gradient could not be measured.

The relative humidity as observed at three feet is given

in Table VIII. A certain diurnal variation of the relative

humidity was not observed. Because of the difficulties exper-

ienced, and the uncertain results of the humidity measurements,

no atternpt has been made here to calculate the absolute humidity

or water vapour pressure. The mean value of relative humidity

for the whole period of investigation was 93.1 per cent.

28 C. C. Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Vol. 30, Ht. 3-4, 1948, p. 501.
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The values given in Table VIII are set forth graphically

in Figure 23. Close to the snow surface the air was, as a rule,

saturated o There the relative hmnidity always stayed close to

100 per cent. On the Barnes Icecap relative humidities as low

as down to 50 per cent were occasionally observed at the height

of twenty-three feet. There the relative humidities decreased

sharply with height during June and July. The decrease in rela-

tive humidity with height was less in August, eorrespending te

the period with persistent feg. On the Penny Icecap fog was

persistent all through the observation period, and only very few

days showed a drop in relative humidity with height. On the

Barnes Icecap it was found that the perioœwith relatively low

humidity at two levels corresponded to the periods with mean

daily temperature above the freezing point. 29 A comparison of

Figures 23 and 9 shows no correlation between mean daily tempera

ture and mean daily relative humidity on the Penny Icecap.

Humidity and wind direction. The relation between

humidity and wind direction is seen in the following compilation.

TABLE 30

WIND DIRECTION AND MEAN RELATIVE HUMIDITY AT THREE FEET
ABOVE SURFACE

Wind from :
Rel. Hurn.%:

N NE E SE S SW W NW Calm
88.3 92.5 95.2 9600 92.7 93.9 8703 92.0 84.0

29 So Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Vol. 33, Ht. 3-4 9
1951, po 1980
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The observations of calm weather and of northerly wind

were few compared to the other directions; the relatively low

values of mean relative humidity in these two cases are there-

fore probably not representativeo Otherwise the westerly winds

had the lowest relative hurnidity, and the southeasterly winds

had the highest relative humidityo Similar irtvestigations on

the Barnes Icecap30 gave the result that the warmest winds had

the lowest relative hurnidity, and conversely the coldest winds

had the highest relative humidityo

By comparing Tables 27 (po 71) and 30 it is seen that

similar conditions were not found on the Penny Icecapo The

westerly winds, with the lowest relative humidity, were among

the warmest, but the southeasterly winds, on the other hand,

were the warmest and yet had the highest relative humidityo

IIIo WIND

Wind observations were carried out every two hours, from

0800 to 2000, at six feet above the surface o A hand anemometer

was used to measure the wind speed, while direction was observed

with the help of a wind vane on top of the observation mast o No

recording instruments were available to measure the wind at night o

Owing to the position of the camp on top of the highest dome, and

the distance of more than fifteen miles to the nearest higher

land, no local factors influenced the wind o

On the Barnes Icecap it was found that on a few occasions

30 Orvig, loco cito
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a down-slope wind was noticeable at the surface, while the upper

wind came from the opposite direction. This lower wind probably

corresponds to the "Schwerewind" (Katabatic wind) 'which is ob-

served over Most glaciers and has been especially investigated
31 32

in Greenland. Sverdrup also described occurrences of geostro-

phic flow down the slope of Isachsen's Plateau on clear nights

with outgoing radiation. Eriksson measured a lower wind below

two to four meters, with a direction opposite to that of the wind

above two to four meters, on the Fr~ya Glacier. 33 On no occasion

was a similar thin layer of air (below six to thirteen feet)

observed moving down-slope on the Barnes Icecap, apd on the

occasions of measurements at two levels on the Penny Icecap the

direction of the wind at the two levels arways corresponded.

The presence of fog frequently prevented observations of clouds

over the Penny Icecap, but it was never observed that the direc

tion of the wind at twenty-three feet differed from the direction

of the upper wind as observed by the drifting clouds.

The frequency of the different directions is seen in the

following table.

31 K. Wegener, .."Zusammenfassung der Wissenschaftlifihen
Ergebnisse, " .Wi s sens chaf t l i che Ergebnisse der Deutsch-en Gr8nland
EXEedition Alfred Wegener 1929 und 1930-31, Band VII, Leipzig,
19 O. .-

32 H. U. Sverdrup, "Results of the Meteorological Obser
vations on Isachsen's Plateau," Geografiska Annaler, Vol. 18,
Ht , l, 1936, p. 36. . .

33 B. ~. Eriksson, "Meteorological Records and the Abla
tion on the Froya Glacier in Relation to Radiation and Meteoro
logical Condf t Lona ;" Geografiska Annaler, Vol. 24, Ht , 1-2, 1942,
p. 270
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TABLE 31

NUMBER OF OBSERVATIONS, AND THE PERCENTAGE FREQUENCY
OF THE DIFFERENT DIRECTIONS

Wind Augus
from No~

N • • . 3. •
NE 1 1.5 33 18.2 29 15.0 8 12.9 71 14.1
E 1 1 05 27 1409 )0 15.5 1 1.6 59 Il.7
SE 10 15.1 14 7.7 26 13.5 1 1.6 51 10.2
S 12 18 02 12 6 06 16 8.3 0 0 40 8.0
SW )8 57 06 66 36.4 61 31.7 17 27.4 182 36.3
W 4 6 01 8 4.5 12 6.2 10 16.1 34 6.8
NW 0 0 13 7.2 10 5.2 22 35.6 45 8.9
Calm 0 0 3 1.7 8 4.1 1 1.6 12 2.4
Total66 100 181 100 193 100 62 100 502 100

Figure 24 shows the percentage frequency of different

wind directions for each month and for the who1e periode The

predominant direction was southwest. The months of June and

July had frequent east and northeast winds, but southwest winds

were twice as frequent even in those months. The first nine

days of August saw an increase in west and northwest winds. The

frequency of southwest wind decreased slow1y during the summer,

but the percentage frequency for the whole period shows that

more than one third of the time had southwest wind. It is

strikingly c1ear from Figure 24 th~t the wind conditions were

very similar in June and July, and the resultant wind rose for

the who1e period is therefore similar to those for June and July.

There was no topographical control of wi nd direction on the Penny

Icecapo The wind directions were due to the pressure distribu-

tion alone. The pressure will be discussed in the next paragraphe

The mean daily values of wind speed (the averages of



- 91 -



seven dai1y wind observations Bt six feet) are 1isted in Table

IX. The average wind decreased steadi1y from 16.1 mph for the

1ast e1even days in May, through 9.3 mph for June, and 8.7 mph

for July, to 7.7 mph for the first nine days in August.

The wind speeds with the different wind directions are

given in the fol1owing table.

TABLE 32

WIND DIRECTION AND MEAN WIND SPEED AT SIX FEET
ABOVE THE SURFACE

Wind from:
Wind speed:

N
10.5

E
7.0

SE
9.5

S
9.6

SW
11.6

w
10.7

This relationship between wind direction and speed is

shown in Figure 25, which indicates that there was 1ittle differ-

ence in the wind speeds from the different directions; the west

and southwest winds were the strongest, and the difference be-

tween the highest and the lowest averages was 4.7 mph.

The average wind speed for the whole period was 9.8 mph,

which is not unduly high considering the altitude of the station.

The maximum recorded wind speed was 36 mph. The wind speeds

were quite high during the summer of 1950 on the Barnes Icecap,

where the average wind speed at seven feet was 9.7 mph, and the

maximum recorded wind speed at the same height was 37 mph.

In order to compare the wind observations with similar

data from North East Greenland and Spitsbergen, the wind speeds

are, in the fo1lowing, converted to meter/seco and the heights

ta cm.
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Penny Icecap, period May 21st to August 9th:

IB3Height in cm. above surface:
Average wind speed in rn/sec.:
Maximum wind speed in rn/sec.:

Barnes Icecap,34 period June lst to August 26th:

Hei ht in cm. abave surface:
Average wind speed in m sec.:
Maximum wind speed in rn/sec.:

21
4.3

16.5

Frgya Glacier~35 periad Ju1y 31st ta August 18th:

Hei ht in cm. above surface: 200
Average wind speed in rn sec.:
Maximum wind speed in rn/sec.:

Isachsen's Plateau,36 period June 26th to August 15th:

200
2.7
B.l

Height in cm. abov~~s~u~r~f~a~c~e~: ~~

Average wind speed in rn/sec.:
IVJ.aximum wind speed in m/sec. :

" .Although the period of investigation on the Froya Glacler

was much shorter than the other three periods, it is nevertheless

possible to compare the data from Clavering Island (the Frgya

Glacier) at least with those from the Barnes Icecap. There was

no difference in the wind speeds for the period July 31st to

Aug,.st IBth on the Barnes Icecap from the average for the whole

summer:

Average wind speed in rn/sec.: 4.3
June lst -to August 26th

34 Orvig, op. cit., p. 200.

35 Eriksson, lac. cit.

36 Sverdrup, loc. cit.'.



- 95 -

The wind was far stronger on the Barnes Icecap than on

either Isachsen's Plateau (at a similar altitude) or the FrSya

Glacier. The reason was the frequent passages of cyclonesnear

or over northern Baffin Island in the summer months of 1950.

The most frequent wind speed lay between four and ten nph,

nearly half of al1 observations. 37

The station on the Penny Icecap was located almost four

thousand feet higher than the camp on the Barnes Icecap. In

spite of this, the wind speeds were almost identical at the two

stations, and the lowest velocities were the most frequent also

on the Penny Icecap, as evident from the followingcompilation.

It shows that more than half of all observations gave wind

speeds between two and ten mph.

TABLE 33

FREQUENCY OF DIFFERENT WIND SPEED INTERVALS IN PERCENTAGES
OF THE TOTAL NUMBER OF MEASUREMENTS

Wind speed at six feet:
Percentage of obs.
Wind speed at six feet:
Percentage of obs.

8.1-10
13.7

18.1-20
2.7

10 01-12

IlJL.
)20
5.3

The total number of wind speed observations was 474.

A diurnal variation of wind speed was not observed,

neither did the wind direction show any diurnal variation. The

wind very closely followed the changes in pressure, as will be

demonstrated in the next paragraph.

37 Orvig, loc. cita
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IV o PRESSURE

The pressure is the meteorological element least likely

to influence the ablation, except indirectly by governing the

wind speed and direction o

The problem of arctic circulation patterns has been

studied by Dorseyo He has drawn average monthly sea level pres

sure charts, of which the Ju1y chart38 is the most important in

the present studyo His latest chart of mean pressure for July

indicates a normal pressure at sea level in the region of the

Penny Icecap of 1008 mb0 39 This agrees with Rae's mean pressure

chart for JulYo40 The altitude of the icecap station was 6725

feet; using the normal value for the vertical pressure gradient,

4 mb/lOO feet, the normal pressure at Camp Al in July should be

approximately 739 mbo The pressure was recorded in inches; the

normal at Camp Al should then be approximately 21 082 inches o

This is about 1 009 inches, or 37 mb, below the actual mean pres-

sure for July, as recorded on the icecapo In this connection

it may be of interest to refer to the pressure observations, at

a lower altitude, on the Barnes Icecapo There the normal pressure

at the station was found to be ten to fifteen mb higher than that

38 Ho Go Dorsey, Meteorological Characteristics of North
ern Arctic America, thesis submitted for the degree of MoSc o,
Massachusetts Institute of Technology, 1949, figo 3, po 27.

39 Ho Go Dorsey, ttArctic Meteorology," Compendium of
Meteorology, American Meteorological Society, Boston, 1951 , po 9450

40 Ro Wo Rae, Climate of the Canadian Arctic Archipelagoo
Toronto: Department of Transport, i951, po 840
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ealculated, using the normal pressure gradient0 41

The averages of seven daily pressure readings are listed

in Table Xo It is possible that the aneroid may have recorded

a little too high, but the variations in pressure may neverthe

less be studied, and the daily pressure for the whole period is

therefore set forth in Figure 26 0 The mean pressure for the

whole period was 22 086 inches, -and it will be seen that the only

long, continuous period with below-average pressure lasted from

June 3rd to June 23rd, with the lowest rnean pressure (22 039

inches) on the l4th o This period was in turn followed by the

period June 24th to July 9th, with the highest mean pressure on

July 2nd and 3rd (23 02l inches). Figure 26 also shows the mean

wind speed every day at the icecap station o These daily values

are the averages of seven daily wind observations at six feet

and are listed in Table IX. The curves in Figure 26 demonstrate

how the wind speed on the ieecap is governed by ehangesin pres-

sure. The only day with high pressure and relatively high wind

speed was July l3th o

Five periods stand out elearly: 1) May 21st to June 3rd,

with large daily pressure variations and mainly high winds, an

average of 30 mph on May 28th; 2) June 3rd to June 23rd, with

low pressure and varying winds, the lowest reeorded pressure

occuring on June 14th; the previous day, which had steeply fall

ing pressure, had an average wind of 30 mph; 3) June 23rd to

41 s. Orvig, The Climate of the Ablation Period on the
Barnes lee-Cap in 1950, thesis presented for the degree of MoSe.,
MeGi l l University, 1951, po 91 0
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July 10th, with high pressure and low winds; 4) July 10th to

July 28th, with large daily pressure variations and varying

windsj 5) July 28th to August 6th, with relatively high pressure

and low winds o

The mean pressure distribution in summer in the eastern

Canadian Arctic has been described by Hareo 42 The lowest pres-

sure lies over southern Baffin Island and higher pressure over

the Arctic Ocean o The resultant flow over most of the eastern

Arctic is a cyclonic rotation from north Greenland and the Arctic

Ocean o The abundance of relatively warm Maritime Polar air along

the Baffin Island coast is readily explainable, as the resultant

flow over Davis Strait is from south and southeast o

The northern parts of the eastern Canadien Arctic are

more affected than the ~outhern parts by the cyclones moving

into the area from the region of the American Arctic frontal

zone in summer043 The analysis of synoptic charts carried out

by Hare showed that cyclonic flow dominates the whole Baffin

Island area in July; the isopleth for 65 per cent frequency of

cyclonic flow passes down the length of the island0 44 The fre

quency of frontal activity, according to Hare, decreases abruptly

northwards from Fort Chimo (50 per cent) to Clyde (20 per cent)o

The high frequency of cyclonic curvature, together with low

42 F o Ko Hare, The Climate of the Eastern Canadian Arctic
and Sub-A~çtic and its Influence on Accessibility, thesis pre
sented ror the degree or PhoD, L'Universite de Montreal, 1950,
ppo 47-480

43 Ibid o, po 50 0

44 Ibid o, figso 30, 31, po 570
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frontal frequencyp shows that non-frontal arctic cyclones are

significant elements in the circulation0 45 Hare notes that the

non-frontal cyclones are less cornmon in summer than in winter p

and that precipitation is rare in such systemso

On the Barnes Icecap, in latitude 69 0 42' N, the pre-

cipitation was quite heavy at times, and a study of the synoptic

charts of the swnmer of 1950 showed that at least two frontal

systems crossed the region of the icecap, and the weather was

on several other occasions influenced by low pressure systems0 46

The precipitation on the Penny Icecap wasnot as heavy

as that experienced on the Barnes Icecapo The following figures

are the precipitation amounts measured for each of three periods

with low, or varying, pressure and mainly high wind:

May 27th to May 30th

June 3rd to June 23rd

July 10th to July 28th :

2 inches snow

12 025 inches snow

14063 inches snow, 0083 inches rain o

The synoptic charts of the summer show that during the

first period there was no frontal system in the neighbourhood of

Baffin Islando There was only a steepening of the gradient be-

tween an extensive anticyclone moving eastwards across Hudson

Bay and ungava, and a non-frontal cyclone over northern Baffin

Islando Figure 27 shows the situation on May 29th o The nine

days in June, from the 6th to the 15th, saw three frontal pas-

45 Ibid., po 580

46 30 Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Volo 33, Ht o 3-4 p
1951, ppo 203-06 0



FIG- 27 MAY 29th

- 101 -

'" . ,
~~-~--



- 102 -

sages over Baffin Island. Figure 28 shows the situation on

June 6th, with a cold front moving southeastwards over southern

Baffin Island, and in Figure 29 the situation is shown as it was

two days later o A new cold front was moving southeastwards from

the western arctic islands. This front moved slowly, and had

only passed Baffin Island four days later o By that time a new

(stationary) front was forrning over northern Alaska and the

western Arctic o Figure 30 shows the situation on June 12th.

The centre of the low pressure passe~ over the region of the

icecap station on the evening of June 14th, causing strong winds

and snow. Figure 31 shows the situation on June 14th.

In July another three frontal passages influenced the

weather in the Cumberland Peninsula. Figure 32 shows the situa

tion on July 14th, with a cold front moving southeastwards over

central Baffin Island o An occluded front passed from the south

west over the Cumberland Peninsula during the night of July 20th

21st, and Figure 33 shows the complicated situation on July 26tho

A cold front was moving eastwards ~ver Foxe Basin, and two low

pressure systems were moving northeastwards from Ungava towards

Greenland o It was found very frequently, especially in July,

that the variations in pressure and wind speed were caused by

movement of cyclones outside the area, with a general reduction

in air pressure along the path of the cyclones, and a steepening

of the pressure gradient. On a few occasions non-frontal cyclones

formed to the north of the Cumberland Peninsuia, but most fre

quently frontal cyclones travelled the path from northern Alberta
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and Yukon southeastwards to Hudson Bay, and then northeastwards

across Ungava and the southern tip of Baffin Island, towards

southwest Greenland. An examination of the weather maps for

the summer of 1953 shows several of these systems; a good example

is illustrated in Figure 33. The region of the Penny Icecap is

frequently influenced by the northern part of the low pressure

systems.

v. CLOUDS, CLOUDINESS .AND FOG

Rae,47 in discussing the cloud conditions in the Arctic,

describes the Cirro and Alto-type clouds associated with the

weak storms crossing the islands in the summer, when the polar

front is located near the southern boundary of the Archipelago.

He states that these clouds are mostly hidden from an observer

on the ground by the ever-present low Stratus. On occasion when

there is an active cold front associated with one of these storms,

instability cloud of thunderstorm proportions may develop along

the front. This, however, rarely happens except over the south-

ernmost regions of the Archipelago. The observations of cloud

conditions on the Penny Icecap were often hindered by the fre-

quent fog at the station. It was difficult to observe whether

the sky was clear or overcast, as a thin layer of highcloud and

a layer of fog at the surface would permit a large amount of

radiation to reach the surface, and yet the vertical visibility

would be only a few yards_ It was important to have detailed

47 R. w. Rae, Climate of the Canadian Arctic Archipel?~.
Toronto : Department of Transport, 1951, p. 25.
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observations of the cloud conditions to be used in studies of

radiation incorne, and also in studies of ablation. When possible,

an estimation was made every second hour during the daytirne of

the number of tenths of the sky covered by clouds. As mentioned

above, strong radiation often reached the surface in spite of

thin clouds and fog, and this gav~ rise to a peculiar relation

between radiation and cloudiness in such cases. Wallen48 has

pointed out a similar condition on the Karsa Glacier. It was

found on the Penny Icecap, as it was on the Barnes, that often

l1mnerous cloud forms were observed, especially previous to pas-

sages of fronts. The following values for the relative frequency

of typical cloud forms demonstrate this fact:

Ci-forrns
20.7

A-forms
7.5

Cu-forms
0.9

St-forms
21.9

70.9

Cloud form: Fog
Frequency, per cent: ~4~9~._0-==-~~~_

The total frequency of fog and St-form clouds is 70.9 per cent.

On the Barnes Icecap the corresponding total was 70 01 per cent.

There was 6 per cent less A-form clouds on the Penny Icecap, and

4.3 per cent more Ci-forms. The main difference, however, lies

in actual fog at the surface. Fog was more than twice as fre

quent on the Penny Icecap compared with the Barnes Icecap.49 This

was caused by the difference in altitude of the two stations.

The cloudiness as observed on the icecap from May 21st

to August 9th is presented in the following table. The cloudiness

48 Co Co Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Vol. 30, Hto 3-4, 1948, p. 524.

49 Orvig, op. cito, po 206 0
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for a certain day is the average of seven observations on that

TABLE 34

CLOUDCOVER IN T~NTHS OF THE SKY COVERED

Number of days

Cloudcover:
May, Il days ':
June~ 30 days :
.Iu.Ly , 31 days :
August J 9 days:
Total period g

a

l

l
2

1~__..._3
2

121
2 l

III
255

4

l
l
2
4

5
l

l

2

6

l
l

2

7

4
3
l
8 o

9 10
7

17
18

l----
43

A total of forty-three days, or 53 per cent of the tirne,

had cornpletely overcast skYe Sorne of this tirne rnay have had a

cloudcover of less than 10/10, but was recorded as completely

overcast because of thick fog. The average cloudiness for the

whole period was 707, which is exactly the same as the value for

the average cloudiness on Isachsen's Plateau, as reported by
50

Sverdrup for the period June 26th to August 15tho There, only

27 per cent of the time had completely overcast sky~ however,

which is considerably Iess than the 53 per cent on the Penny Ice

cap and 46 per cent on the Barnes Icecapo

On the Penny Icecap the cloudiness was practically the

same in June and Julyo An increase from June to July and August,

similar to that on the Barnes Icecap, was not experienced o The

relation between cloudiness and wind direction on the Penny Ice-

cap is seen in the following compilationo

50 Ho Uo Sverdrup, "Results of the Meteorological Obser=
vations on Isachsen~s Plateau," Geografiska Annaler~ Volo 18,
Hto l~ 1936, po 42.
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TABLE 35

WIND DIRECTION AND MEAN CLOUDINESS IN TENTHS OF
THE SKY COVERED

Wind from:
Mean cloudiness:

N NE E SE S
7.4 7.4 7.7 9.0 8.3

SW W ~J

7.9 6.8 4.9

A diurnal variation of t he clbudiness was not obsetved o

There was a fairly uniform amount of cloud with most

wind directions. The largest difference was between the winds

from northwest, usually associated with the clearest weather,

and southeast winds, usually associated with overcast weather.

Figure 34a shows the mean cloudiness with different wind direc

tions for the whole period, May 21st to August 9th.

FQg. AlI rneteorological reports from icecaps and glaciers

stress the high fog frequency. At St a t i on Eismitte on the Green

land Inland Ice fog was observed 15 per cent of the time, and at

the Weststation fog was observed 22 per cent of the time0 51 The

average probability of fog on Isachsen's Plateau was 0 040, for

the period June 26th to August 15th. 52 On the Barnes Icecap the

average probability of fog for the period June lst to August 26th

was 0.30, and on the Penny Icecap, for the period May 21st to

August 9th: 0.610 The probability of fog was very uniform through-

out the period on the Penny Icecap, as seen from the following

table.

lt lt
51 F. Loewe, ltDas Kilma des Gron1andischen In1andeises,lt

Handbuch der Kilmatologie, Band II, Teil K, 1935, ppo 85-86.

52 Sverdrup, loc~_cit.



- 11) -



- 114 ~

TABLE 36

PROBABILITY OF FOG

Ma
Hours of fog :
Probability :

Only the first nine days oi August had comparatively

little fog o This was a period of good weather, which did not

necessarily continue through the whole month o On the Barnes Ice=

cap the month of August had the maximum amount of fog, 54 per

cent of the tirne o Also, the probability of fog increased from

O.IS in June to 0 0 22 in July and 0 054 in Augusto As seen above

no Buch seasonal increase took place on the Penny Icecapo The

very high probability of fog was constant, and the icecap was

free from fog only about one third of the timeo Fog was prevalent

with wind from aIl èirections, but least so with northwest wind,

which also brought the least clouds (Table 35, po 112)0 The

northwest .wind brought the air along the axis of the peninsula 9

far from open water o This air was much. drier than the air from

other directions 0 Fog was very frequent "Ii th a southwesterly

wind; this is seen in the following table, which shows the prob-

ability of fog with different wind directions o

TABLE 37

PROBABILITY OF FOG VlI TH DIFFERENT WIND DIRECTIONS

Wind from
Probability:

The relationship between wind direction and fog is set

forth in Figure 34bo
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There was no particularly marked diurnal variation in

fog formation. There was a tendency for the fog to form between

1200 and 1800, and a slight tendency for fog to dissolve during

the same six-hour period (often having lasted for several days

at the station).

VI. PRECIPITATION

As always on glaciers and icecaps, the measurements of

precipitation on the Baffin Island icecaps were made difficult

by drifting snow and deposition of hoar-frost. Particularly was

it almost impossible to rneasure accurately the precipitation in

solid form on a glacier open to the winds. A source of precipi-

tation, which may be of importance at times, is deposition of

hoar-frosto Sverdrup53 states that hoar-frost added approxirnately

15 per cent to the total precipitation measured during the drift

of the "Naud"; Rae 54 considers this estimate too hi.gh., judging

from snow depth rneasurernents made at Resolute from 1947 to 1949.

Although hoar-frost was common, no increase in depth of snow

cover due to hoar-frost accretion was· apparent 0 This was also

experienced on the Penny Icecap. Frequently several inches of

feathery or solid hoar-frost formed on all upright objects and

ropes, sorne of it dropping off the snow gauges and making uncer-

tain the measurements of snow accumulation. Figure 35 shows

53 Ho U. Sverdrup, "Ubersicht llber das Klima des Polar
meeres und des Kanadischen Archipels," Handbuch der Klimatologi~9

Band II, Teil K, 1935, p. 22 0

54 Ro WO Rae, Climate of the Canadian Arctic Archipe1~go.

Toronto: Department of Transport, 1951, po 17.
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hoar-frost on the southwest side of obstacles at the campo

Anticyclonic precipitation (snow or sublimitation crystals) were

not experienced on either of the Baffin Island icecapso Loewe55

points out that this type of precipitation onl~ rarely was

observed on the Greenland Inland Ice by the Wegener Expedition,

and the British Greenland Icecap s t a t i on of the same year did

not observe any occurrences of precipitation of this kindo

Several observers have noted formation of hoar-frost on the sur-

face in Greenland, but calculations of the maximum possible

amount give the. result that not more than one tenth of the total

accumulation is due to hoar-frosto 56 As mentioned previously,

the amount of hoar-frost forming on the surface of the Penny

Icecap at 6725 feet was negligible, although on vertical objects

the Bccretion was considerable.

In this study the standard procedure of the Meteorological

Service of Canada is used when total precipitation is discussed o

This consists of converting the amount of snow to equivalent rain

. on the. assumption that ten inches of snow correspond to one inch

of rain in water content o In the Arctic this is not always the

case, and in the studies of ablation the water equivalent is used

as calculated from the measurements of the density of the snow o

55 Loewe, opo cito, po 90 0

56 Ibid o, po 910
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TABLE 38

MOKTHLY PRECIPITATION IN INCHES

Rain
May (Il daya}:
June:
July:
August (9 days) :
Total:

Snow

The probability of occurrence is given in the following

table (the number of observations when rain, drizzle, snow and

hoar-frost was observed, divided by the tota+ number of observa

tions)o

TABLE 39

PROBABILITY OF RAIN, DRIZZLE, SNOW, AND HOAR-FROST

Rain Drizzle Snow .. Hoar-frost
May (Il days): 0028 0 009
June: 0 001 0 021 0 011
July: 0 005 0001 0 015 0 006
August (9 days l e 0 008 0 003

The probability of drizzle was very smal1, also in fog o

On the Barnes Icecap it was found that drizzle was especially

frequent in June and July when fog was presento 57 On the Penny

Icecap the temperatures were much lower, and drizzle was rarely

experiencedo Most of the precipitation fell as snowo Snow was

more frequent on the Penny Icecap than on the Barnes in both

June and July, and d~ring the two months the Penny Ieeeap received

29038 inches, while in 1950 the Barnes Ieeeap received 28 033

inches.

57 3 0 Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Volo 33, Hto 3-4,
1951, po 20/30



CHAPTER IV

RADIATION MEASUREMENTS ON THE PENNY ICECAP

In a study of the meteorological factors which control

the ablation on a glacier or icecap, it is usually relatively

easy to obtain reliable obscr~ations of the standard meteoro

logical elements. The insti'uments needed for observations of

temperature, humidity, pressure, wind and precipitation are

easily transported and set up at a glacier station. It is more

difficult to transport the heavy and fragile instruments needed

for radiation observations, and reliable radiation data from

arctic glaciers and icecaps are few. The 1950 Baffin Island

Expedition had only a Campbell-Stokes sunshine recorder for

measurements of duration of sunshineo No other radiation instru

ments were available at that time. The 1953 Expedition was better

equipped, and the present chapter deals with the radiation studies

carried out on the Penny Icecap.

10 DURATION OF SUNSHINE

A Campbell-Stokes recorder was used on both icecaps to

record the hours of sunshine. The duration of sunshine was never

influenced by topography, as both stations were situated on wide,

plane snow surfaces with a practically unobstructed horizon.

Table XI gives the duration of sunshine in fractions of an hour

for each day, and the total hours of sunshine from midnight May

20th.
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The Campbell-Stokes recorder did not record the sunshine

when the sun was relatively low on the northern.horizon, as the

frame of the instrument then shielded the recording paper. The

figures in Table XI are actual hours of sunshine, the amount of

"night-sunshine" (after 2000 hours and before 0400 hours) has been

added when such sunshine wa~ observed.

The i .cecap station was located approximately twenty-five

miles north of the Arctic Circle, in latitude 66°5g'30"N. Mid-

night sun theoretically lasts, at this latitude, as long as the

sun's declination is equal to or larger than 23001'30". Consider-

ing the refraction., which at the horizon may be taken as 35', and

allowing for the semi~diameter of the sun, which is 16', the

upper limb of the sun will be on or above the horizon on the days

with declination equal to or larger than 23
001'30"

- 51' = 22
010'30"

From the 1953 Almanac it is seen that this took place from June 3rd

to July llth, inclusive. l The value of refraction may sornetimes

be higher in the Arctic; 01sson
2

used 35' in his calculations from

Spitshergen, although the refraction sometimes amounted to 5g,.

To calculate the hours of sunshine to be added for clear

"nights" to the hours recorded by the Campbell-Stokes recorder,

use has been made of the sunrise-sunset nomogram supplied with

1 The American E~hemeris and Nautical Almanac for the Year
1953. Washington: Theautical Almanac Office, United States
Naval Observatory, 1951, pp. 8-10. .

2 H. 01sson, "Sunshine and Radiation, Mount Nordenskigld,.
Spitsbergen," Geografiska Annaler, Vol. 19, Ht. "l, 1936, p. 95.
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TABLE 40

RECORDED HOURS OF SUNSHINE AS PERCENTAGE OF POSSIBLE SUNSHINE

Recorded Sunshine Possible Sunshine Per Cent
May (Il days) . · 5707 233 06 24070• .

June 17504 718.1 24.4
July · 150 07 679 00 22 02·August (9 days ) : 83.3 16603 50.1
Total 46701 1797.0 2600
Period May 21-June 2: 67 00 279.7 24.0

" June 3-July 11: 25305 936.0 27 01
" July 12-Augo 9: 146.6 581 03 25 02

The recorded hours of sunshine for the whole period were only 26

per cent of the possible. The recorded sunshine was a very con-

stant percentage of the possible for most of the summer, except

for the first nine days of August, when 50.1 per cent was recorded o

This. investigation was also carried out by splitting the period

of observation into three parts, the middle of these being the

period from June 3rd to July 11th, with the upper limb of the sun

continuously above the horizon. The percentage of sunshine was

27 01 in this period, due to the six days in late June and three

days in early July with clear weathero

Considerably more sunshine than this was recorded on the

Greenland Inland Ice by Wegener ~s Expedition o The percentages of

possible sunshine for June and July at Station Eismitte were 65

and 42 respectively, and · then al10wance was not made for sunshine

when the sun was near the horizon. A calculation of the percentage

of possible sunshine between 1100 and 1300 hours gave the result

that in June 82 per cent was recorded and in July 58 per cent was

recorded0 4

4 F. Loewe, "Das Klima des Gr3nlandischen Inlandeises,"
Handbuch der Klimatologie, Band II, Teil K, 1935, po 76.
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During the second International Polar Year, 1932-33,

Sweden operated a meteorological observatory on Mount Nordenskigld,

Spitsbergen (78 011 Y N - 3442 feet above sea level). There the

recorded sunshine in June and July 1933 was 38.6 and 39.2 per cent

of the possible. 5 This is also considerably more than that re

corded on the Penny Icecap, where the higher frequency of fog is

responsible for the low values. As rnentioned previously, days .

when Camp Al was situated in thick fog have been recorded as over

cast. Sorne days had thick fog, but a certain amount of radiation.

There is therefore no close agreement between the observed aver

ages of cloudiness and of duration of sunshine.

Figure 36 shows the duration of sunshine foreach day of

the summer in 1953. Twenty-five days, or nearly 31 per cent of

the time, had no sunshine, and the .per i ods wi th no sunshine were

of one to three days' duration, interrupting periods with sunshine

of from one to six days' duration. The longest period with sorne

sunshine on each day lasted from August lst to 9th. Only three

periods . had an amount of sunshine approaching the maximum possible.

Those periods were May 25th to 27th, June 24th to 29th, and July

3rd to 5th. A comparison of Figure 9 (mean daily temperature) and

36 shows that the rnean daily temperature did not follow the sun

shine graph at all closely. A nwnber .of days with very little sun

shine had higher temperatures than days with many hours of sun

shine. Sorne examples are the following: June 4th had no sunshine,

but the mean ternperature was 11.5 degrees higher than on June 3rd,

5 Olsson, op. cit., p. 98
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with a1most five hours of sunshine; June 5th had 1ess than ten

minutes of sunshine, but the Mean temperature was the highest for

t~e thirty days from May 26th to June 24th; June l3th had no sun-

shine, but the Mean temperature was 12.1 degrees higher than on

June l2th, with ten hours of sunshine; June 29th had 1505 hours

of sunshine, and a mean temperature of 2305 0, while June 30th had

no sunshine and a rnean temperature of 25.20; July 24th and 25th

had the highest Mean daily temperature of the summer, but the

total hours of sunshine for the two days only amounted to 2 06 hourso
6The same phenomenon was observed on the Barnes lcecap,

and the reason for this apparent anomaly is the marked lowering

of the mean daily temperature by the strong outgoing radiation on

clear nights, in spite of a certain arnount of "night sunshine" 0

This sunshine was weak and not able to counteract the cooling by

long-wave radiation, except to sorne extent in the evening and

early rnorningo

A sirnilar cornparison of Figures 17 (mean daytime ternpera

tures) and 36 shows that neither did the mean daytime temperature

follow the sunshine graph at aIl closelyo This was rather un-

expected, as night temperatures are not considered in this case o

The sunshine, even on days when it was strong and almost continu~

ous, was not able to heat the air over the icecap to any great

extent, the underlying surface always being at or below the freez-

ing point o

6 S. Orvig, "The Climate of the Ablation Period on the
Barnes lee-Cap in 1950," Geografiska Annaler, Volo 33, Ht o 3-4»
1951, po 208 0
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As indicated here and discussed previously (pp. 67-7~ the

icecaps act as temperature stabilizers. On clear days the tem~

perature will remain relatively low, on clear nights the long-

wave radiation will cool the air. On overcast days the heating

of the air during the daytime is leBs, but the cooling at night

is also less, the result being a smaller diurnal variation of

temperature. The heating of the air on sunny days takes place

over the sn~free land surrounding the icecaps. The temperatures

over the ice itself are dependent on the duration of sunshine and

on the distance the air has travelled over the icecap surface.

II. TOTAL RADIATION FROM SUN AND SKY

Instruments. The standard instrument used in Canada for

radiation measurements is the Eppley pyrheliometer. As this

instrument is expensive and delicate a subsidiary actinograph has

been developed, which is self-contained and operates without ex

ternal power. 7 This new actinograph is being utilized to augment

the Eppley network. The instrument is used for measuring total

solar and sky radiation received on a horizontal surface. It is

designed primarily to give total radiation for the day. Because

of the lag of the instrument, its instantaneous readings have,

in practice, limited application. The total radiation as shown

by the three-day graph is too low, and it must be multiplied by

a factor (1.06) to obtain the correct daily total. The total

7 Instructions for the Operation of the M.S.C. _Type g
.Bi met a l Actinograph. Toronto: Department of Transport, Manual 80,
1952, p. 1.
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incoming radiation from sun and sky for the day is expressed in

gram calories per square centimeter o

Because actinographs had been used previously in glacio-

logical investigations -- for instance, by Ahlmann in Spitsbergen

1931, by Olsson in Spitsbergen 1934~ by Etienne in Greenland 193$,

and by \Vallen on the Karsa Glacier$ -- and also because few radia

tion data exist from the C~nadian Arctic, the Controlle~ of the

Meteorological Division, Department of Transport, Mr. A. Thomson,

kindly permitted the Baffin Island Expedition 1953 the loan of

one of the new actinographs. The instrument was standardized at

Toronto in April before being shipped to Montreal, but when it

was unpacked on the Penny Icecap on May 20th it was found that the

metal ligament between the black bimetal and the pen arm was

brokeno The instrument was dismantled to repair the ligament o

W. Ho Ward carried out the repairs, and after it had been reassem-

bled the zero was reset with the glass do~e covered o This work

was done in the living tent and the midnight readings on subse-

quent days were somewhat above the tent zero. The actinograph was

erected in the afternoon of May 20th, the bimetals four feet above

the snow surface o It was found that the instrument had to be re-

zeroed after sunset in the early period when the sun sank below

the horizon at nighto This zero adjustment was carried out every

third evening when changing the chart, after first covering the

glass dome of the instrument for one houro A check of the zero

$ Co Co V/allen, "Glacial-!'JIeteorological Investigations on
the Karsa Glacier in Swedish Lappland 1942-194$," Geografiska
Anna1er, Vol. 30, Ht o 3-4, 1948, po 477.
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was made at chart changing time throughout the period, corrections

being applied when necessaryo The total incoming radiation was

recorded for every day from May 21st to August 8th, inclusive,

with the exception of May 30th and 31st, when the clock stopped,

and the three day period June 27th-29th as that chart was torn

from the observer's hand in vhe st rong wind at 'the time of chang

ing charts. On July 13th and July 22nd the clock stopped in the

morning, causing incomplete records for those two days. Complete

records were thus obtained for seventy three days.

It was frequently found that hoar-frost formed on the out

side of the glass do~e, but in these cases care was taken in

wiping the glass as often as possible, and no important interrup

tions in the records were caused by hoar-frost. This was only

possible, however, because the observers were present continuously

in the immediate vicinity of the instrument. No moisture con

densed on the inside of the glass dome, as the instrument was

fitted with a drier cartridge of 5ilica-gelo This was most impor

tant in locations such as that of Camp Al.

On evacuating the icecap station the instruments and the

most valuable equipment together with records and personal gear

had to be hauled on sledges down Coronation Glacier to sea level,

a trip of sorne twenty-eight miles with a drop of 6725 feet o Some

where between the Penny Icecap and Montreal, either on the sledge

trip or on aircraft or ship, the glass dome of the actinograph was

broken. As the calibration of the instrument is a function of the

particular glass dome used, it is doubtful if a recalibration with

a new glass could necessarily be related to the previous calibra-
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tion o The values obtained during the summer of 1953 will there

fore be set forth in the following without the check that a re

calibration would afford o

It has been considered that actinographs of a similar

type (Robitzsch Actinograph) give results with a mean error in

the daily radiation income of i in general, 3-4 per cent,9 but
If 10

Angstrom states that the 2ccuracy is dependent on temperature,

and it is difficult to avoid errors of less than about 10 per

cent for individual days and less than 5 per cent in monthly means o

The new M.S.C. Type G Bimetal Actinograph, however; is nQt affected

by changes in ambient temperature, and the errors should be less

"than those quoted by Angstrom o

Figure 37 shows the above-mentioned instrument, which was

placed with the window facing north and the bimetal strips in a

north-south direction o The values obtained from this actinograph

can be compared with those recorded simultaneously on a second

actinograph, situated twenty feet away, with the window facing

north and the bimetal strips in an east-west direction, three feet

above the surface. Figure 38 shows this actinograph, which was a

new Kew Type Robitzsch Bimetal Actinograph, brought from England

by W. H. Ward o This instrument had a one-day chart, and the record

of daily incorning short-wave radiation is complete for every day

from May 21st to August 8th, with the exception of May 30th, June

j Vi. TJIgrikofer and Co Thams, "Erfahrungen mit dem Bimetall
aktinographen Fuess-Robitzsch," Meteorologische Zeitschrift, Bd.
54, 1937, po 371.

10 A. Angstrgm, nActinometric Measurements," Compendium of
Meteoro1ogy, American Meteoro1ogica1 Society, Boston, 1951, pp.
54-550
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Fi e . 3e. Kei.1 Type Robi tz s ch Act i nogr aph .
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lst and short periods on a few occasions when difficulties were

experienced due to formation of hoar-frost on the glass dorne and

also a few cases of clock stoppage.

Results. It was found that the two actinographs gave

slightly different values for the incoming radiation. The Canadian

instrument gave consistently higher values, and the ratio between

the 24-hour radiation as recorded by the Kew Type and by the MoSoCo

Type G actinographs varied between 0.96 and 0.71. The average of

thirty comparisons gave the ratio: Kew Type = 0.81. The spread
MSC Type

is not great, and it is to be assumed that the average of the daily

values from the two instruments will give an accurate value for

the daily incoming radiation. Those values are set forth for each

day in Table XII. For sorne days the recordings on the Kew Type

actinograph have not been evaluated, and for those days the aver-

age values have been calculated according to:

Kew + Type G = (0.81 x Type G) ~ Type G = 0 0 9 x Type Go On a few
2 2

days when only the Kew values are available, the average values

have been calculated according to: Kew + Type G =
2

Kew 1
o:8I + Kew =Kew(l ~ o:sI)~ 1.1 x Kew. It is af interest ta com-

2 2

pare the values obtained on the Penny Icecap with other radiation

measurements in high latitudes. The periods of investigation are

Ilalways short, however, and it is therefare best, as Wallen has

pointed out, to compare the rnean values of radiation for clear and

Il Wallen, op. cit., p. 486.
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overcast skYe

The Karsa Glacier is located at about 6à o20 vN, while

station Al on the Penny Icecap was at about 67°N. The radiation

figures may therefore be compared for the same periods. Wallen

has studied the incoming radiation with clear sky (10 ) and the

incoming radiation with overcast sky (110) for different periods o

In order to compare these results with those from the Penny Icecap,

the same periods have been chosen, and for the Karsa Glacier these

are: Period 1: 20/5-10/6; Period 2: 20/6-10/7; and Period 3: 20/7=

15/8. The similar periods for the Penny Icecap are: Period 1:

21/5-10/6; Period 2: 20/6-10/7; and Period 3: 20/7-8/8. The radia-

tion for the different periods on the Penny Icecap, and the ratio

IIO/IO~ is set forth in the following table, where the last column

gives the ratio Il0/lO for the same periods on the Karsa Glacier o

(Karsa Glacier)Period

l
2
3

TABLE 41

INCOMING RADIATION AND THE RATIO 110/10

110 10 110/10 110/10
635 809 0 0 78
657 807 0 081

452 608 0 074

The values of the ratio 110/10 are considerably higher on

the Penny Icecap than on the Karsa Glacier. The explanation is

the frequent thick fog on the Penny Icecap, when the sky was re-

ported overcast, in spite of the fact that there may have been no

middle and high clouds o The fog probably permitted more radiation

to reach the surface than 10/10 middle and high cloud would have
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done, but under t he circwastances no better values for 110 are

available.

The high values of incoming radiation are reasonable when

compared with those obtained by 01sson12 in West Spitsbergen, at

79 0 N. During the last week of June he recorded a daily value of

up to 840 cal/cm2» and around August lst up to 680 cal/cm2.day.

This is only 37 and l cal/cm2.day, respectively, different from
13 2the Penny Icecap values. Mosby measured 800 cal/cm at clear

sky in late May over the pack ice; on May 25th on the Penny Icecap

the total radiation was 845 cal/cm2• That day was clear until

1600» thereafter 4/10 cirro-stratus. At Sveanor in Spitsbergen

(79°56 fN) 772 cal/cm2.day was recorded with clear sky in the middle

14 2
of July, and with overcast sky around 220 cal/cm was recorded.

The corresponding values on the Penny Icecap were 767 and 384

cal/cm2.day. An increase in elevation will give higher radiation

income, and none of the investigations referred to above were

undertaken at an altitude comparable to that of the Penny Icecap.

The values obtained at this location are therefore in remarkably

good agreement with previous investigations.

The ratio llO/la and its variation with time is of great

12 H. Olsson, "Radiation Measurements on Isachsen's Pla
teau," Geografiska Annaler, Vol. 18» Ht. 3-4, 1936» po 231.

13 H. Mosby» "Sunshine and Radiation,tl The- Norwegian N0F~h

Polar Expedition with the "Maud" 1918-250 Scientific Results ,
Volo la, No. 7, 1933. -

14 A. Angstr8m» "On the total Radiation from Sun and Sky
at Sveanor," Geografiska ~nnaler, Vol. 15, Ht o 2-3, 1933, p. 1570
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interest in radiation studies. Wallen15 has plotted the annual

variation of 110/10 according to different investigations in high

latitudes. All curves from the Arctic, and northern regions gen

erally, show a decrease of the ratios from May to August, and no

values are as high as 0.70. As seen in Table 41 this decrease

was not found to be as simple on the Penny Icecap, where all

values were above 0.70. The reason is the impossibility of ob

serving cloud conditions through the thick fog, and it is probable

that the high values for 110 were partly caused by multiple re

flection between the snow surface and the fog. It may also be

that the high values of 110/10 on the Penny Icecap are caused by

~hinner clouds overhead than those experienced in other locations.

Certainly t~e low stratus frequently found in the Arctic in summer

would not influence the station at 6725 feet.

Figure 39 shows the graphs of incoming radiation 'f or two

three-day periods, as recorded by the MoSoCo Type G actinograph.

The t hree days of June IBth, 19th and 20th had fog of varying

thickness, allowing a considérable amount of radiationto reach

the surface. However, the type and amount of middle and high

cloud could not be observed, except on the ~orning of June 19th,

when 7/10 alto-stratuswas observed from OBOO until 1100. The

total incoming radiation for the three days as recorded on this

instrument amounted to 2264 cal/cm2• The value for the three

days as given in Table XII was 2037 cal/cm2•
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The three days of June 24th, 25th and 26th had 2/10

cirrus, 1/10 cirrus and 3/10 cirrus, and the total incoming

radiation for the three days as recordedon this instrument

amounted to 2639 cal/crn2 0 The ,value for the three days as giyen

in Table XII was 2376 cal/crn2
0 Usingthe two sets of values for

the incoming radiation during both three-day periods, the ratio

110/10 is the sarne: 0 0860 This corresponds weIl with the value

in Table 41 for Period 2 (20/6-10/7): 00810 It is very probable

that the ratio 110/10 would have been smaller on the Penny Icecap

if accurate observations of the high and middle cloud had been

possible o

111 0 THE ALBEDO

When evaluating the amountof heat availahle ,f ar mel t t ng

and evaporation, it is necessary toknow the albedoor reflecttve

power of the snow surfaceo The albedo (a) is defined. as the

ratio of reflected radiation (1 ) to total incoming 'radiation:. r

a = .f: 0 The absorbed part of the incoming radiation .is then:

I-Ir l!!l l - al 1-. (l-a)I. GlC.-I o Several investigators have maasur-ed

the albedo in different locations, and it has been found that the

values vary considerably with different surface conditi'ons.;

Wallenl 6 measured albedo by turning thesolarimeterupside down

to measure the reflected radiation o Measurements were first made

of the incorning radiation and then of the reflected radiation o
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01sson17 used the same method. When cloud conditiops change

rapidly it is impossible to obtain reliable values in tbis manner o

On the Penny Icecap albedo measurements 'wer e carried out

by measuring simultaneously the incoming and reflected radiation o

Any other method would have been useless~ as the fog density

varied considerably even in very short timeintervals o It often

proved impossible to get a steady spot reading of radiation in

come, and to compare such a reading with one of refleeted radia

tion taken ~ minute or more afterwards would have given completely

false results o

Instruments 0 Wo H. Ward had constructed two radiometers

which permitted simultaneous readings of incoming and reflected

short-wave radiation, using twoWheatstone bridges. Figure 40

shows the two radiometers, on the left and on the centre of the

stand. In this case both instruments .wereturned ·up for incoming

radiationo These radiometers employed thermistor el~ments and in

one of the instruments the white thermistor was completely shaded

while the black thermistor was placed centrally -undez- 'a thin glas's

dome o The ratio of the resistances was approximatelyproportioilal

to the incoming radiation o The other radiometer consisted of two

thermistors inside an evacuated round flask. In this instrument

both thermistors were exposed to the suno

Resultso The albedo measurements were carried out at

17 Ho Olsson, "Radiation Measurements on Isachsen's Pla
teau," Geografiska Anna1er, Volo 18, Hto .3-4, 19.36, po 2.370
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intervals from May 22nd until August 8th, but no observations

were obtained during the three main melting periods o The mean

value of four observations on July 29th was0 0770' That day had

thick fog and the temperature at three feet in all observation

periods was -104°C ~ 29050F o Sorne slight snow fell during the

previous evening and night o rhis corresponds weIl with the value

0 0 75 given by 01&son18 for cloudy conditions and new snow on the

surface o

In previous investigations it has beenfound that over a

wet snow surface there are no significant variations with different

cloud conditions, and Wallenl 9 gives a mean value for the albedo
20

of 0060, and Olsson 0 062 0 Wallen was of the opinion that since

there have been so many studies of the albedo whichagree weIl

with each other, there "is no reason for not using the values he

obtained on the Karsa Glacier o He thereforeused :0~60 fora wet

and melting snow surface o The average of fifty-four measurements

in clear weather with a frozen snow surface on the Penny Icecap

gave a value for the albedo of 0 0810 This is in agreement with

Kalitin's results (0080), and Prohaska's and Tpams' results (0082)

as cited by Wallen o There seems to be so close an agreement be

tween these measurements that the value 0060 for the albedo of

melting snow surface has been adopted for the Penny Icecapo

18 Olsson, loco cit o

19 Co Co Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Volo 30, Ht o 3-4, 1948, po 4950

20 Ibido, po 496 0
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IV. OUTGOING RADIATION

The balance between incoming and outgoing radiation is

of great importance in the study of the heat exchange at the

icecap surface. The outgoing (long-wave) radiation from the

surface can either be measured directly (compensation pyrgeometer,

AngstrBm type), or by observing the net radiative flux into or

out from the snow surface. By combining those observations with

measurements of incoming and outgoing short~wave radiation, it is

possible to evaluate the long and short-wave components of the

incoming and outgoing radiation.

Instrument 0 Observations of the net radiative flux were

made with a Gier and Dunkle Type blown plate radiometer construct-

ed by Wo Ho Ward, using thermistors for the sensitive elements.

This instrument can be seen in Figure 40 (p. 139), on the right

arm of the stand. Asimilar instrument has been described by

F '1 21
ranss~ a. The net radiation fluxmeter gives only spot measure- .

ments, and a continuous recording is not available. The readings

are not complete enough for the three main melting periods to

allow an evaluation of the outgoing (long-wave). radiation, and

this factor has therefore been adopted from previous research in

other regionso

The outgoing radiation, Ro Wallen22 refers to previous

21 Mo Franssila, nA Net Radiation Instrument with Constant
Ventilation," Geophysic!, Volo 4, No o 3, 1953, pp. 131-340

22 Wallen, opo cito, po 4970
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"work by Angstrom, Linke, Johnsson and Phillips, and gives the

theoretical value for the outgoing radiation for perfectly clear

sky as: RO =0.142 cal/cm2.min, in the case of a melting snow

surface. Wallen also calculated this value and got: RO =00141.

It is probable that the effective outgoing radiation will increase

somewhat with increasing altitud~ above sea level, because the

back-radiation of the atmosphere must be reducedand the outgoing

radiation therefore be increased. Investigations by Lauscher into

this problem indicated, however, that the increas€ is very small

23 24up to 9-10000 feet. Sverdrup calculated the value of RO (for

clear sky) and Rf (with presence of fog) and adopted the value

RO =0.160 0 In the presence of fog the value adoptad was Rf =
0 0045 cal/cm20min, in the case of an alb~do value of 0 064.

There must be a close connection between the :cl oudi nes s

and the effective outgoing radiation, and_Angstr~m25 ~as studied

this relationship: Rc =RO(l-koC), where Rc is the radiation at

C/IO cloudiness; k is a constant, which varies with the type of

26 27clouds. Sverdrup put: Rc =0.160(1-00075C). 01sson got a

23 F.Lauscher, "Dampfdruck und Ausstrahlung in einem
Gebirgsland," Gerl. Beitro zur Geoph., Bd o 51, 1937, p. 234.

24 Ho Uo Sverdrup, "The Eddy Conductivity of the Air over
a Smooth Snow Field," Geofysiske Publikasjoner, Vol. 11, No. 7,
1936, pp. 37-38.

25 Ao Angstr6'm, "On the radiation and temperature of snow
and convection of the air at its surface," Arko f o mat.? astro,
och fyso, Bdo 13, No o 21, 1918 0

26 Sverdrup, op. cito, po 38.

27 Ho Olsson, nSunshine and Radiation, Mount Nordenskigld,
Spitsbergen," Geografiska Annaler, Vol o 18, Ht. l, 1936, po 105.
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."value for k of 0.05 on Mount Nor-denskd.o.Id ,. This .is smaller than

the usually adopted value (around 0.08-0.09), andit implies that

cloudiness reduces radiation less in northerly latitudes. The

reason for this is that clouds in the Arctic are thinner than in

lower latitudes.

Dur~ng the three main melting periods on the Penny Icecap

two days had 4/10-6/10 cirrus and cirro-stratus, and the remainder

had fog. The value for k with high cloud hasbeefl given 'by

Phillips28 as 0.045, and Wallen29 calculated k for 10/10 low clouds

and got 0.086, which agreed weIl with Phillips' value of 0.082 for

low clouds.

For the studies of conditions on the Penny Icecap we have

adopted the value 0.60 for the albedoduring the meltingperiods,

and we now adopt Sverdrup's value for Rf (which was calculated for

an albedo of 0.64). This value is 0.045 cal/cm2.mip. For the two

days of the melting period which had an averaga of 5/10 high cloud

we use Phillips' value for k: 0.045, and can then calculate the

outgoing radiation on these days according to

Rc • Oo160(1-0.045C)

where 0.160 cal/cm2omin is Sverdrup's value for clear sky in West

Spitsbergen.

" .28 H.o. Phillips, "Zur' Th.eorie der W~rmestrahlung in
Bodennahe,rt Gèrl o B~itro z. Geoph., Bd. 56, 1940, po 229.

29 Wallen, opo cit., p. 500.



CHAPTER V

ABLATION MEASUREMENTS ON THE PENNY ICECAP

Glaciological observations on the two icecaps were carried

out by Po Do Baird and Wo Ho Ward. assisted at times by the author.

The results of the glaciological studies have been published,l,2,3

and only a short description of the ablation on the Penny Icecap

will be given here.

As mentioned in Chapter l, the Barnes Icecap is an example

of the "Baffin Type" icecaps; its nourishment is not by accumula-

tion of firn but by superimposed ice from immediate refreezing of

summer melt water. The Barnes Icecap does not fit readily into

Ahlmann's geophysical classification of glaciers; if only tempera-

tures are considered it must be called a "sub-polarff icecap.

(Ahlmann first called this group "sub-arctic", but changed it to

"sub-polar" in his 1948 paper, R.G.S o Research Series No. l, p.

66). This group is characterized by below-freezing temperatures

in the accumulation area, even in summer, to a depth of at least

one hundred meters. The air temperatures, however, should be only

slightly below freezing, and thaw water is found in the accumula-

l Po D. Baird, W. H. Ward and So Orvig, "The Glaciological
Studies of the Baffin Island Expedition, 1950, Parts l and II,"
The Journal of Glaciology, Vol. 2, No. Il, 1952, pp. 2-23.

2 So Orvig, The Climate of the Ablation Period on the
Barnes Ice-Cap in 1950, thesis submitted for the degree of MoSco,
McGill University, 1951, ppo 117-42.

3 W. Ho Ward and P. D. Baird, "A Description of the Penny
Ice Cap, Its Accumulation and Ablation," The Journal of Glaciology,
Volo 2, No o 15, April, 1954.
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areas of high-land ice in Baffin, Bylot, Devon and southern Elles-

mere Islands are nourished in the same way; and -not by accumula-

tion of firn snowo The conditions requisite for sucn "Baffin

Type" glaciers would seem to be (a) insufficient altitud'e- to reach

the local firn line, (b) great residual cold in the ice, (c) light

precipitation, and (d) the usual Aretic -c1i mat i o environment of

short cool summers and long cold winterso8 Figure 41 shows the

first pit dug on the Barnes Icecap, with three feet of snow on

solid iceo

As mentioned in Chapter l (po 31), the Penny Icecap la

different from its northern neighbouts o It lies at a higher

altitude and therefore reaches above the local firn line o Glacio-

logical studies were carried out on the highest dome, 6725 feet,

at Camp Al, and at several locations between this camp and Base

Camp in Pangnirtung Pass, 1300 feeto The firn line was found to

be about 5100 feet o On the tops of the domes of the underlying

plateau-like rock surface the icecap is probably not very thick

anywhereo Only in the cols between the heads of the major valleys

is the icecap 1ikely to be more than 1000 feet thickoOn the

cliffs of the valleys could be observed ice walls 150-200 feet

thick, and behind them smooth domes would rise, covering what is

probably an undulating plateau-like rock surface o The icecap

camp was well above the firn line, and Figure 42 shows the first

pit dug on the Penny Icecapo Ice crusts and layers of differing

thicknesses are visible, but further digging, and boring, to a

$ Baird, opo cito, po 90
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Fig . 41 . The Fi r s t 1i t Dug on t he
oer ne s I ceca p , 1 )58 .



Fig . 42 . The Firs t Pi t Dug an t he
Penny Ic ec a p , 1)53 .u. . H. i. !ar d )
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depth of sixty-nine feet disclosed that below the current settled

snow, which was about three to four feet thick, the typical firn

of the region reached to about twenty feet. It was a coarse dense

firn, containing frequent layers of dense ice. From about twenty

to about fort y feet there was distinctly less firn and much more

dense ice, and below forty-three feet there was almost entirely

solid ice. 9

Similar thin ice crusts to those observed near the surface

were observed in Spitsbergen and have been described by Ahlmann. 10

la ABLATION

The simplest method for measuring ablation is by planting

stakes. A small, irregular valley-glacier with great differences

in altitude demands a large number of observation posts, while on

a uniform plateau-glacier or icecap, like the Barnes Icecap and

the higher parts of the Penny Icecap, a smaller number suffices.

The stakes used were of bamboo, a little more than seven feet long.

The exposed situation of the icecap camps, with consequent drift

ing of snow, made it very difficult to obtain accurate measurements

of ablation. It seems certain, after experience on the two ice

caps, that even a specially designed instrument, such as Devik's
11

Ablatograph, would not have given better results than those

"

9 Wo Ho Ward and Po Do Baird, "A Description of the Penny
Ice Cap, Its Accumulation and Ablation,n The Journal of Glaciology,
Vola 2, No. 15, April, 1954.

10 H. W:son Ahlmann, "The Stratification of the Snow and
Firn on Isachsen's Plateau," Geografiska Annaler, Vol. 17, Ht. 1-2,
1935, p. 37 a

11 0 a Devik, ."Ef.n Registrierinstrument zur Messung der
Ablation," Det Kgl. Norske Videnskabérs Selsk. Forhandlinger, Bd. 2,
No. 31, Trondhjem, 1929.
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obtained by the use of stakes. Ahlmann used a similar instrument

on Isachsen's Plateau in 1934. and when the float was covered by

a thin layer of snow. the instrument would not register the abla

tion. 12 On the Barnes Icecap falling, drifting, or blowingsnow

was experienced on forty-one days out of eighty-seven, and on the

Penny Icecap the same conditions were experienced on forty-three

days out of eighty-one. UnJer such conditions no present method

will give accurate values for the ablation.

The only way of obtaining complete knowledge of a glacier

and its regime is to determine the amount of accumulation and the

amount of ablation.as accurately as possible under the existing

conditions. On glaciers like the . Penny Icecap the temperature

never ·reaches 320F aIl the way through, and the rain in the summer-

time is then also important in the accumulation, as the rain will

freeze as it seeps through the frozen layers, and it is thus

accumulated in the firn. In order to evaluate the yearly accumu

lation it is necessary to be present on the icecaps before the

ablation 5eason commences, and to stay until it i5 over.Especial-

ly on the Penny Icecap it was found that the ablation season was

short and interrupted, and accumulation took place throughout the

summer at the altitude of the icecap camp. By digging pits and

measuring the density of the snow at varying depths one c~n cal

culate the amount of water accumulated during the preceding winter.

The problem of accumulation is important in the glaciological in-

12 Ho W:son Ahlmann, "Ablati6n .Measurements at the Head
quarters on Isachsen's Platea~,n Geografiska Annaler, Vol. 17,
Ht. 1-2, 1935, p. 49.
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vestigation of the icecaps, their regime, etc., but the ablation

is of greater interest in a meteorological study, because ablation

is dependent on the different meteorological factors.

The net ablation is the water equivalent of snow and ice

actually lost by the glacier or icecap. The total (gross) abla-

tion due to melting, evaporation, wind corrasion and calving, is

larger, because sorne of the water will be redeposited in lower

layers, and sorne of the snow drifting on the surface will be de

posited again in another placeo

The ablation is measured by the sinking of the surface at

a stake, and simultaneous measurements of the density of surface

and underlying snow. The influence of water deposited in the firn

is largely dependent on the geophysical characteristics of the

glacier. In the case of the Baffin Icecaps, which are "sub-polar",

sorne of the melt water is retained in the firn and ice, and is of

importance in the regimeo There is always a considerable differ

ence between the gross ablation (calculated by means of the density

of the surface snow) and the net ablation on polar icecapso This

deposition process is also common in temperate glaciers, even when

the snow has for sorne time had a consistent temperature of 32 0Fo 13

Ablation measurements were made for two purposes o In order

to obtain a general picture of the accumulation and ablation at

different heights, stakes were placed in twelve locations o Detailed

observations of ablation during short interrupted periods were

13 Co Co Wallen, "Glacial-Meteorologicallnvestigations on
the Karsa Glacier in Swedish Lappland, 1942-1948," Geografiska
Annaler, Vol. 30, Hto 3-4, 1948, p. 5290
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carried out at Camp Al. The measurements of ab LatLon at different

levels of the icecap and one of the outflowing glaciers has been

described by Ward. 14 Only the particular conditions at the glacier

camp will be considered here.

On the Barnes Icecap the measured amounts of ablation cor-

responded weIl with the variatIons in temperature, depending far

more on high temperatures en odd days than on the average tempera

ture of longer periods, as established by Ahlmann. 15 The temperate

glaciers and most of the sub-polar glaciers have air temperatures

above the freezing point in the ablation season over the whole

glacier. Such was the case on the Barnes Lcecap , If a sub-polar

glacier or icecap is situated at a high altitude, the conditions

may become similar to those of a polar glacier, where the air tem

perature may never rise above the freezing point. The ablation

in the accumulation area becomes very small. Such was the case on

the Penny Icecap.

Table XIII gives the daily snow depth on the Penny Icecap,

in inches of snow. Measurements were carried· out every morning,

using two stakes, north and south of the camp, and the snow depth

was taken from a reference level, which was a layer of dense ice,

easily recognizable, at a depth of 53 7/e n on May 2lst. The

measurements as given in Table XIII are those obtained from Stake

No. l, north of the camp. The daily loss as given in this Table

14 w. H. Ward and P. D. Baird, "A Description of the Penny
Ice Cap, Its Accumulation and Ablation," The Journal of Glaciology,
Vol. 2, No. 15, April, 1954.

15 H. W:son Ahlmann, "The Stratification of the Snow and
Firn on Isachsen's Plateau," Geografiska Annaler, Vol. 17, Ht.
1-2, 1935, po 41 0
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is not ablation only, because compaction and wind erosion are

included in the 1055 of snow. More accurate measurements of the

real ablation were carried out in the short periods when it took

place, and will be treated below. Table XIII is only meant to

illustrate the variations of the surface as indicated by one of

the stakes. The snow depth in~reased by 2 1/8" in the period from

May 21st to August lOth. The break-down of measurements for each

month shows that in May (11 days) the surface at Stake No. l

gained l 7/8" by snow, rime and hoar-frost, and lost 7/8" by com

paction and erosion. In June the surface gained 14 5/8" and lost

by compaction, erosion and ablation: 9 5/8 ft • In July the figures

were: gain, Il 3/8" and 1055, 16 1/8". In August (9 days): gain,

2 5/8", 1055, l 6/8". The total gain for the whole period was

30 4/8", the total 1055 was 28 3/8".

To study in more detail the ablation at the icecap camp

additional stakes were planted later in the season. On June 16th

three dowels were established in a line to the south of the camp,

and on June 18th another two dowels were established north of the

camp. 1ater in the season fluoresceine was also used to study

the melting and seepage 10f melt water into the underlying firn.

The ablation was 50 small at the altitude of Camp Al that hourly

values could not be obtained. The mean variation of the ablation

during the day is unobtainable in a location with only interrupted

brief ablation periods. The values recorded represent the gross

ablation. As these studies are concerned with the relation between

ablation and meteorological factors there is no necessity for net

ablation values. In the firn zone even gross ablation is difficult
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to evaluate, for surface sinking may be due not only to surface

ablation, but also indirect1y to the descending melt water causing

compaction of the snow particleso The three main melt periods at

Camp Al were preceded by a new deposit of snow, which started to

melt at a density around 0 02 and finished melting at a density

over 0 040 The sinking of the surface was greater than the thick-

ness of new snow, hence an Gstimate based on the new snow density

times the sinkage is probably an underestimate of the amount

meltedo 16
lFor an upper limit the melting could invo ve the total

thickness of new snow and sorne of the denser snow beneath o In the

intermittent melting period at the end of the season nearly aIl

the sinkage originated below the top of the old firn, and a melting

estimate based on the density of the old firn would be an upper

limit o Working in this way, between limits, Ward has estimated

that the total melt during occupation of Camp Al lies between about

10 and 15 centimeters of watero The evaporation in the firn zone

was very small o

The following table shows the highest and lowest limits

for the amounts of ablation at Camp Al for different periods, in

centimeters of watero 17

TABLE 42

ABLATION AT CAMP Al IN CM OF WATER

Period
June
lst Main
2nd Main
3rd Main
Intermittent end
Total

Arnount

16 Ward and Baird, opocit o

17 Personal information from Wo Ho Ward
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110 PERlOnS OF ABLATION

Figure 43 shows the daily snow depth as given in Table

XIII 7 the daily maximum temperature, the five-day running means

of mean daily temperature p and days with snowfall and strong wind o

The maximum wind speeds are given in mopoho Several periods can

be distinguished, and these are indicated in the Figure o

There was a total of 22B hours of surface melting until

August lOth 7 when observations ceased 7 and there were subsequently

a few more hours of melting, judging from the snow canditians as

described by other members of the Expedition, who climbed the

highest mountain in Pangnirtung Pass on August 25th and 2Btho
l B

The date when melting finally fini shed is uncertain, but the melt

ing near the end of the summer must have been insignificant o The

daily maximum ternperature was above the freezing point on June

25th 7 on ten days in July, and on three days early in Augusto

Figure 43 shows the periods of surface melting at Camp Al o

There were two short periods on June 25th and 27th 7 then came

three main periods~ July 13th-15th, July 19th-20th p and July 23rd

26th. There then followed a number of short periods of midday

meltingo

Period 1. June 25th to June 27th o

This short period had little effect -- on the 25th the

melting lasted 4 hours, on the 27th only 2 hourso

Period 11 0 July 13th to July 15th o

This was the first main melting period, with 61 hours of

lB Ward and Baird, opo cit.
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surface melting o It was a period with the daily maximum tempera~

ture above 32oF~ fairly strong wind and broken overcast o Rain was

experienced on July 15th.

Period III. July 19th to July 20th o

This was the second main melting period g with 32 hours of

surface melting. It was a period wlth two days recbrding maximum

temperature ab ove the freezlng point » and it had thick, wet fog

and rain on July 20th o

Period IVo July 23rd to July 26th o

This was the third main melting period, with 61 hours of

surface meltingo It had four days with maximum temperature ~above

freezinga It had thick» wet fog and rain every dayo

Period Va July 28th to August 9th o

This was a period of intermittent melting. Nine days had

sorne melting, the periods being of varying duration~ 8, 9, 9, 10»

3, Il, Il, 4 and 3 hours, totalling 6$ hours. This last period

had four days with maximum temperature above 32oF o It had low

overcast or wet fog, sorne rain and mainly light wind in the begin

ning, later mainly clear with light wind.

1110 THE BUDGET YEAR 1952-1953 ON THE PENNY ICECAP

To estimate the regime of a glacier or icecap, it is

necessary to ascertain the total accumulation and the net ablation

during a budget year. One needs to know the accumulation and

ablation over the entire range of altitude of the glacier. For

this purpose a series of bamboo stakes were established to measure

the/relative ~el of the snow surface, and pits were dug as fre=
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quently as possible to record the snow profile and to measure the

varying density of the settled snoWe 19 Ward points out that the

interpretation of the pit data in the firn zone as regards the

time when the various layers were formed was not simple g because~

(l) the melting season was brief and intermittent 9 and the snow

that fell during this period was comparable in quantity to the

amount that melted 9 (2) the melt of the current season formed ice

layers within the previous year~s firn j which was weIl below the

melting point at the time 9 and therefore the lower limit of the

previous yearfs firn could not be defined p (3) it was not possible

to recognize any of the earlier accumulation years g (4) not the

slightest trace of dirt was formed in any firn zone pit or in the

deeper boring p (5) the present melt season left behind a different

record of deposition to the previous year {either the melting was

less, the snowfall greater or 9 rather unlikely, a significant

amount of melting occurred after evacuation)o Moreover, it was

difficult to define the beginning of the next accumulation season g

especially in the firn zone, because of the snowfall during the

intermittent melting period o \Vhen calculating the accumulation at

Camp Al the amounts of snow that blew away have been omitted p and

the amounts that drifted into the area have been included o The

total annual accumulation at Camp Al was about 43 centimeters of
20

water o The total settled snow and rain during the observation

period amounted to 1405 centimeters of watero As shown above

19 Ibid o

20 Ibid e
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(Table 42) the total ablation at Camp Al lies between 10 and 15

centimeters of water~ this 9 however, was not lost to the icecap,

as the melt water was redeposited in the firn 9 and evaporation

was negligible o (See paragraph on humidity above the icecap

surfaces ppo 83-88 o )

The total accumulations ablation and net 1055 or gain of

water is summarized for the various altitudes in the following

tableo The errors should be within r 3 cmso in the worst caseso21

TABLE 43

REGIME OF THE PENNY ICECAP

Centimeters of water
Elevatiori Elevation Total Total Net Net

meters feet Accumulation Ablation Loss Gain

440 1444 38 268 222
750 2461 40 154 106

1010 3314 41 118 70
1060 3478 36 97 52
1300 4265 40 66 18
1380 4528 40 48 0 a
1600 5249 37 ? )12
1630 5348 39 ? 39
1920 6300 63 ? 63
1940 6)65 60 ? 60
2050 6725 43 la - 15 43

'I'he 1952-1953 accumulation, equal to the ablations at the

equilibrium line was 40 centimeters of water o

IVo A COMPARISON OF GLACIERS

The quantity of water deposited in the firn or on under-

lying ice surfaces in the accumulation area depends largely on

21 Ibid o
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the geophysical character of the glacier. According to Ahlmann

it may rise to 100 per cent of the water present during the abla-

. b 1 l' 22t10n season on a su -po ar g aC1er o The thickness of the super-

imposed ice at the main camp on the Barnes Icecap was such that

failure to take it into account when determining the regime of the

icecap would have given ccmp.Let eLy false results. The gross abla

tion there was 48 08 cms. of water and the water equiva1ent of new

ice on the surface 11.5 cms. j leaving a net ablation of 37.3 cmso

of water0 23 The me1ting process as observed on the Barnes Icecap

was strikingly similar to that observed in North East Land» Spits-
. 24 25bergen j and described by severa1 authors o Sandford j Ahlmann p

and G1en
26

all mention the overwhelming influence upon the condi

tions of the surface by thaw.

The similarity between the Barnes Icecap and icecaps in

Spitsbergen is a direct result of the relatively similar rneteoro

logical conditions mentioned previously (po 66). Ahlmann has

studied the different conditions on several glaciers j and in a

diagram he has plotted the values of accumulation = ablation at

22 Ho W:son Ahlmann» "The FrSya Glacier in 1939-40 j "

Geografiska Annaler j Volo 28» Ht o 3=4» 1946 9 po 251 0

23 Wo Ho Ward and S. Orvig 9 "The Heat Exchange at the Sur
face of the Barnes Icé Cap during the Ablation Period»" The Journal
of GlaciolQgZ9 Vol. 2» No o 13» 1953» po 162.

24 Ko S. Sandford»."The Glacial Conditions and Quaternary
History of North East Land»" The Geographical Journal» Vol. 74»
1929» po 4650

25 H. W:son Ahlmann» "Scientific Resu1ts of the Swedish
Norwegian Arctie Expedition in the Summer of 1931 9 Part 8: Glacio
logy," Geografiska An,~aJ:.s3I» Vola 15» ne. 2-3, 1933» pp. 201-06 0

26 A. R. Glen, nA sub-arctic glacial cap: the \'lest Ice of
North East Land," The Geographicsl Journal, Vol. 98» 1941» po 139.
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the firn line and the altitude of the firn line above sea levelo 27

The relative positions of the points give a good idea of the

regimes and characteristics which are conditioned by the climate.

This diagram is presented here as Figure 44 j the only difference

being the addition of the Karsa Glacier and the Barnes and Penny

Icecaps. The average height of the firn limit on the Karsa

Glacier was 1150 meters 9 and the accumulation ~ ablation at this

level averaged 196 cmso of water. 2$ On the Barnes Icecap the

lower limit of the accumulation area was about 2460 feet (750

meters)j and the accumulation = ablation at this equilibrium line

was calculated to be 51 cms. of water. 29 On the Penny Icecap the

firn line \~as found to lie at about 5085 feet (1550 meters). The

equilibrium line j where there was neither a gain nor a loss of

water 9 was found about 4528 feet (1]80 meters). The accumulation

=ablation at this equilibrium line was 40 cros. of water. 30 When

plotting Figure 44 the values for the equilibrium line have been

used for the two Baffin Island icecapso

27 Ho W ~son Ahlmann and So Thorarinsson 9 "The Vatnaj8kull
Glacier. Preliminary Report on the Work of the Swedish-Ice1andic
Investigations 1936=1937 9 " The Geog~ical Re!~9 Vol o 28 9 No.
3» 1938 9 figo 11 9 po 4310

28 Co C. Wallen» "Glacial=Meteorological Investigations on
the Karsa Glacier in Swedish Lapp1and 1942=1948 9 " Geografiska
Anna1er» Vol a 30 9 Ht o 3=4 9 1948 9 po 5590

29 Po Do Baird 9 Wo Ho Ward and S. Orvig 9 "The G1aciological
Studies of the Baffin Island Expedition 9 1950 9 " The Journal of
Glaciolo~Z9 Volo 2 9 No o 11 9 1952 9 po 80 .

30 Wo Ho Ward and Po Do Baird 9 "A Description of the Penny ·
Ice CaP9 Its Accumulation and Ablation 9 " The Journal of Glacio1ogy»
Vol. 2 9 Noo 15 9 Apri1 9 19540
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In Figure 44 the different glaciers represented are~

V ~ Vatnaj8kul1 9 Iceland o

llb 9 9 9 lla~ Nonvegian coastal glacierso

13b 9 12 9 13a ~ Norwegian inland glaciers o

4 9 59 6 9 $ ~ Glaciers in East Greenland ($ is central part of

East GreenlandJo

l ~ Fourteenth of July Glacier 9 West Spitsbergen o

3 ~ North East Land 9 bas t Spitsbergen o

K~ Karsa Glacier 9 northern Swedeno

B ~ Barnes Icecap 9 Baffin Island o

P ~ Penny Icecap9 Baffin Island o

The grouping of the different glaciers is caused by the

difference in climateo The Barnes Icecap is situated between

the Fourteenth of July Glacier 9 which has arctic-maritime climate 9

and North East Land 9 which has arctic~continental climate result

ing in a low firn line and small accumulation ~ ablationo The

Penny Icecap is practically identical to one of the three Green=

land examples 9 which are characterized by small precipitation and

consequently high firn 1ioeso The Karsa Glacier has a regime

definitely higher than that of the sub-polar glaciers 9 but consid

erably smaller than that of Vatnajgkull and the Norwegian coastal

glaciers o It is more like sorne of the Norwegian inland glaciers o

As Wallen31 has pointed out 9 this is quite reasonable from a

climatological point of view o The total value of the regime of

31 Wallen 9 opo cit0 9 po 5610
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a glacier normally increases with the maritimity of the region o

The relation of the firn line altitude to the accumulation

(ablation) depends on both the amount of precipitation and the

temperature of the ablation period o Temperature variations are

generally of more importance to the life of a glacier than varia

tions in precipitation0 32 In East Greenland the high firn line

is due to the small accumulation, and also to the relatively high

summer temperature o As mentioned above, the temperatures in West

Spitsbergen are very similar to those on the Barnes Icecap9 there-

fore the nearly equal altitude of the firn line in the two loca-

tionso The difference in precipitation 9 however, causes a dis-

placement of the Barnes Icecap to the left in Figure 44, towards

the more continental glacierso

The extensive glaciation of Greenland, in spite of the

small precipitation , is made possible by the insignificant abla

tion in the vast accumulation areas o
33 Conditions are reversed

in maritime Iceland o VatnajBkull resembles the Alfot Glacier j

a Norwegian coastal glacier (llb)o They are both maritime types 9

with relatively low firn lines and very large accumulation =
ablation.

Ahlmann states that not only are most of the worldYs

glaciers retreating, but in many regions the present retreat is

32 Ho W:son Ahlmann j ItResearches on Snow and Ice, 1918
40," The Geographical Journal" Volo 107 9 1946 9 p. 190

33 Ho W:son Ahlmann, "Accumulation and Ablation on the
Fr8ya Glacier 9 its Regime in 1938=39 and 1939-40 9 " Geogr§fuka
Annaler 9 Vol. 24 j Hto 1-2 3 1942 9 po 150
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the most rapid ever recorded 034 The glacier caps of North East

Land are practically dead, and the Frgya Glacier in North East

Greenland is almost dead. 3 5 The reason for this wasting away of

the glaciers around the North Atlantic is probably a change in the

horizontal pressure gradient » rA~~lting in increased advection of

warm air to the regions around the northernmost part of the

Atlantic o Petterssen36 has shown that the northward atmospheric

transport has increased since the year 1900 over the eastern

part of the North Atlantic region with a maximum increase in

Scandinavia o The southward transport of the air has increased

noticeably in the Greenland=Labrador-Newfoundland area o Although

the increase in the meridional transport (positive toward the

north) May be said to account for the increase in temperature in

the European area » it is clearly incapable of explaining the

simultaneous increase in temperature in Labrador j Newfoundland p

and parts of Greenland o Thus j the general mechanism of the clima=

tic variation cannot ever~~here be associated with increased ad

vection of air from more southerly latitudes0 37

34 Ho W~son Ahlmann j "Den nutidiga klimatfluktuationen
ochdess utforskande»" Norsk deografisk Tidsskrift» Bdo Ilj Noso
3-4» 1947» ppo 304=050

35 Ho W~son Ahlmann, "Researches on Snow and Ice, 1918~

40»" The GeograQhical .~~EInal» Volo 107 » 1946 » po 14 and po 21 0

36 So Petterssen j "Changes in the General Circulation
Associated with the Recent Climatic Variation»" Geografiska
Annaler» Volo 31» Ht o 1=4» 1949 » po 216 0

37 Ibid oj po 2170
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The most important cause of the reduction in ice area 1s

the negative regime created by the great ablation, which is due

to the increased transfer of heat through the atmosphere. Wallen38

concludes from his study of the Karsa Glacier that the increased

heat supply from the air 1s in turn caused by increased summer

temperatures, increased summer- h~ .::~idi t y , and a prolongation of

the ablation season.

The problem of the increase in atmospheric circulation

into the Arctie is not weIl known in the canadian-arctie regions?9

and it is not possible to state that it can be readily detected

from observations on the Barnes Icecap. AlI indications were that

the icecap is nearly stationary and not receding. Vegetation

grows right up to its edge, there is obvious activity on the ice

cliffs in the lakes, and on the ground one could observe the for

mation of moraines. 40 The Barnes Icecap is too small ta cause a

large degree of cooling and direct self-preserving effects through

increased precipitation. The climate of the region is continental

in winter, and there 1s no direct accumulation of snow o Because

of the low temperature of the ice, however» accumulation of new

ice takes place above a certain equilibrium line, and it may be

said that the iceeap is self-preserving in an unusual sense o The

38 Co Co Wallen, "The Shrinkage of the Karsa Glacier and
its Probable Meteorologieal Causes," Geografiska Annaler, Vol o
31 , Hto 1-4, 1949, po 290 0

39 Ro Seherhag, "Die Erwarmung der Arktis," Journal Conseil
Permanent International pour l'Exploration de la Mer, Vol o 12,
1937, pp. 263-760

40 P. D. Baird, W. Ho Ward and So Orvig, "The Glaeiologieal
Studies of the Baffin Island Expedition, 1950," The Journal of
Glaciology, Vol o 2, No. Il, 1952, pp . )-4.
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equilibrium line will move up or down the icecap depending on

the summer temperatures o

The Penny Icecap region showed that the outflowing glaciers

are noticeably retreating, and visual observations throughout the

area by various members of the expeùition showed that a general

increase in the extent of glaciation at least 150-200 years aga

had been followed by a retreat which began about 50 years ago 9

and which is still notably in progress0 41 It is therefore pro-

bable, but not absolutely certain that the Penny Icecap proper

regularly has a negative regime at the present time0 42

Ice temperatures were observed by thermistors buried at

various depths o The deepest at the icecap station was placed at

sixty-nine feet. The steady temperature below the zone of season

al change was about ~13.30C (àOF)o This is considered to be

about the mean annual air temperature, and it is readily und er-

stood that a very marked increase in air tempe rature 5 would be

necessary before a shrinkage of the present icecaps could take

place nt this altitude. However, a prolongation of the ablation

season, and higher summer temperatures would certainly be noticed

in increased ablation in the lower altitudes o This is taking

place.

41 W. H. Ward and Po Do Baird, nA Description of the Penny
Ice Cap, Its Accumulat ion and Ablation,~ The Journal of Glacio!Qgz,
Vol. 2, No o 15, April, 19540

42 Cf. ante, ppo 29~30o



CHAPTER VI

THE HEAT EXCHANGE AT THE ICECAP SURFACE

On the Barnes Icecap the conditions were found ta he

favourable for a study of the heat 8xchange be~w€en the atmosphere,

the melting snow , and the uucier-Ly î ng ice during t .he ablation

periode This exchange has been described as taking place in two

stages. At the snow surface the atmospheric heat turns snow into

water, and at the original ice surface sorne of this water is

transformed back . into ice and the latent heat is yielded downwards.

A theoretical estimate of the rate of formation of super-imposed

ice, and of the temperature change in the original, Lce , agreed

weIl with the actual measurements. l The observations were de=

ficient in precise measurements of incoming and, outgoing radiation,

and in night-time observations of humidity and wind. The estimate

of the amount of heat received by the snow from the atmosphere was

restricted, therefore, to the total received during the ablation

periode

The relationship between ablation and the meteorologieal

conditions has only been studied sinee 1931. 2 The most important

study of the heat exchange at a snow surface was carried out by

l Vi. H. Ward and S. Orvig, "The Heat Exchange at the Sur
face of the Barnes Ice Cap during the Ablation Period," The Journal
of Glaciology, Vol. 2, No. 13, 1953, pp. 158-68.

"2 A. Angstrom, "On the Dépendence of Ablation on Air
Temperature, Radiation and Wind 9 " Geografiska Annaler, Vol. 15,
Ht. 4, 1933 9 pp. 264-71.
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Sverdrup~3 who also used his formulas in an analysis of the de-

pendence of ablation on different meteorological elements. Sver-

drup~s conclusions have been used in all later investigations of

this kind, and the present study joins those of the Vatnajgkull

in Iceland,4 the Fr8ya Glacier in North East Greenland,5 and the
r,

Karsa Glacier in northern Swed€n.~ Wallen notes, however, that

his study of the Karsa Glacier showed that the conditions there

are in many ways different to those on Isachsen~s Plateau,7 and

it was necessary to modify Sverdrup~s theories in such a way as

to be applicable to the particular conditions existing on the

Karsa Glacier.

10 THE HEAT EXCHANGE

The snow surface receives heat by incorning (short-wave)

radiation from sun and sky (1), by conduction and convection from

the air above the surface if the air temperature inereases with

3 Ho Uo Sverdrup, "The Eddy Conduetivity of the Air over
a Smooth Snow Field," Geofysiske Publikasjoner, Vol. 11, Noo 7,
Oslo, 1936, ppo 1-69.

4 Ho W~son Ahlmann and So Thorarinsson, "Scientific Results
of the Swedish-Icelandie Investigations 1936-37-38, Part V ~
Ablation," Geografiska Annaler , Volo 20, Ht. 3-4, 1938, pp. 171
233.

5 B. Eo Eriksson, "Meteorologieal Records and. the Ablation
"on the Froya Glacier in Relationto Radiation and Meteorologieal

Conditions," Geografiska Annaler, Vol. 24, Ht , 1-2, 1942, pp , 23
50.

6 Co Co Wallen, "Glaeial-Meteorologieal Investigations on
the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Vola 30 , Ht o 3-4, 1948, pp. 451-672.

7 Ibid o, p. 5700
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height (Qa)~ by conduction from below if the temperature of the

snow increases with depth (Qs)o Heat is also received by the

surface if the water content of the air increases with height o

Water vapour is t~en transported to the surface and co~densation

of the water vapour will release the heat of condensation o The

amount of water condensed wilJ b~ indicated by F grso

The snow surface loses heat by outgoing (long.-wave) radia

tion (R)9 by conduction and convection to 'the air above the sur

face if the air temperature decreases with height (-Qa)' by con

duction downwards if the temperature of thesnow decreases \Vith

depth (-Qs)o Heat is also lost if the water content of the air

decreases with he l ght , Water Ls then. evaporated from the aur-f'ac e ,

and the heat of evaporation will be taken from the surfaceo The

amount of water evaporated lvillbe indicated by -F grs 0

Sorne of the incoming radiationis lost due tD reflection o

If the albedo of the snow is called a (= reflected radiation

divided by total incoming radiation) the absorbed part of the in

coming radiation will be 1-a1 = (l=a)1 = tL 10

'I'he heat transported to the surface by all processes Ls

used to ra.ise the temperature of the sur-race .snow to the melting

point and for evaporation o After the melting, point has been

reached the heat is used for melting and evaporation o 1t is con

venient to give aIl amounts of heat in. gram· calories per square

centimeter 0 The total ablation of the. surface" measur-ed in cm,

of water will be called H, the water equivalent of the layer which

is evaporated is h, and the water equivalent of the layer which i5
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melted is, therefore, (H-h)o To melt one gram of snow take5 80

grocalories, and 680 grocalories are needed for evaporating one

gram of snow o The amount of heat used for melting is thereforeg

80(H-h), and for evaporation: 680ho

If melting and evaporation take place 0
8we hav.e.o

c.(..I - R
..,.

Qa
.,.

Q lB; 80C B'~h) + 680h (1)- - s

or "'-1 R ..- Qa t Qs = 80H + 600h (2)

But h (evaporated water) :;:: -F, 50 the equatiantakes.the form

(3)

Here F is negative, since water vapour is transported awayo When

no evaporation takes place, the heat equatian.takes the form

(600 grocalories is the amount of heat liberated by condensation

of one gram of water vapour)0 This equation can he written

80H - 600F lB Jo r = R t Qa t" Qs ( 5)

This equation is therefore valid both in. the case of melting and

evaporation and in the case of melting onLy, but F must be given

the proper sign: positive in the case of condensation, negative

in the case of evaporation o

The periods of ablation on the Penny Icecapwere: June

25th and June 27th, July l3th to 15th., .July 19t.h to 20th, July

23rd to 26th, and intermittent between July 28th and August 9th o

The surface snow temperature was measured three tim~s daily, with

the help of a thermistor buried ~ inch below the surface, and

during the ablation periods the surface temperature was very close
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to the melting point, although it was found that during the first

main melting period, in July, pockets of water fed from the sur

face were situated in snow as cold as -3 0 C. Temperature conditions

were quite complex, also during the second main melting periode

During and after the third main melting period the whole profile

was melting weIl down into the cld firn.
9

It may be assumed that

the upper layers of snow had a temperature of OoC during the

periods of ablation~ and that the term Qs in the heat equation may

therefore be disregarded. The equation then takes the ·form

80H g; oLI - R r Qa + 600F (6 )

A calculation of the contribution of each of the different terms

in the equation to the total melting and evaporation is possible,

because we have the values of H for the periods of ablation, and

we have also the values of land Q(., andR for the same periods.

The most difficult problem is the determination of convection and

conduction, and of condensation and evaporation, expressed by the

terms Qa and 600F.

11 0 TRAN3FER OF HEAT AND 11/ATER VAPOUR THROUGH THE AIR

The exchange of heat occurs by conductional and convec=

tional processes; the exchange of water vapour is governed 1:y the

eddy conductivityo In order to ascertain the values of Qa and F

for the periods of ablation, it is therefore necessary to discuss

9 w. Ho Ward and Po Do Baird, "A Description of the Penny
Ice Cap, Its Accumulation and Ablation," The Journal of Glac~91ogy,

Volo 2, Noo 15, April, 19540
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the problem of eddy conductivity and convectivity. 10Sverdrup

(7)

has studied, on a broad basis, the problem of heat exchange

within the layer of air next to the ground, and he applied the

results from the Norwegian-Swedish Spitsbergen Expedition, 1934,

to this theoretical study.

The convection ~~Im ~ao Considering first the transfer

of heat s a study by Nybergl l gives the value of the term Qa~

Qa ~ cpoA.Q2oT
dz

Cp is the specifie heat of air at constant pressure (0.24 eal/gr~)

A is the eddy conductivity coefficient (gr./cm.sec), dQ is the
~

vertical gradient of potential temperature. T is the time inter-

val in seconds. The dimension of Qa is cal/cm. 2

The value of A at a particular height above the surface

is a function of the wind velocity at that height, and of the

temperature and wind velocity gradients. It is therefore necessary

to examine the variations in temperature and wind velocity with

height o
12Wallen noted that in meteorological studies it can be

assumed that the average wind velocity increases with height

according to a power law of the forro

10 Ho U. Sverdrup, "The Eddy Conductivity of the Air over
a Smooth Snow Field»" Geofysisk~.Publikasjoner,Vol. Il, No. 7»
Oslo, 1936» ppo 1-69.

11 A. Nyberg, "Temperature Measurements in -an Air Layer
very close to a Snow Surface," Geografiska Annaler, Vol. 20, Ht.
3-4, 1938, p. 247. ---=

12 Co Co Wallen, "Glacial-Meteorologieal Investigations
on the Karsa Glacier in SwedishLappland, 1942-1948," Geografiska
Annaler, Vol o 30, Hto 3-4, 1948, po 572.
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(8 )

where u is the speed at height z, and ul at height zl. Different

investigations have obtained different values for nu, according

to the various conditions under which the investigations were car

ried outo . However, under ée-rt-arn conditions~ suchas over a rough

surface, a logarithmic law may better indicate the wind speed

d ' t It has been found13 that a l b t tgra ~en • power aw es represen s

the conditions under stable conditions, while the logarithmic

law fits best if the stratification is unstable. On the Barnes

Icecap, where wind observations were carried out at two heights,

and where the stratification was stable for 78 per cent of the

time, the wind speed was found to increase with height according

to the power law. 14 The value of nu was found to be 4.9.

On the Penny Icecap the stratification was far more un

stable (see Table 24), especially early in the season. During the

three main melting periods, however, which are the only cases

studied here, the stratification was mainly stable. The average

wind speeds were almost identical on the two icecaps (see page

95), and we may therefore assume that the wind velocity on the

Penny Icecap increased with height
l/nu

(~ )
zl

according to the equation

13 Sverdrup, op. jcit., p. 12.

14 W. H. Ward and S. Orvig, "The Heat Exchange at the Sur
face of the Barnes Ice Cap during the Ablation Period," Journal
of Glaciology, Vol. 2, No. 13, 1953, p. 167.
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where nu has the value of 4.9. This assumption is probably

justified» not only because the stratification was stable during

the ablation periods» but also because both icecaps are large and

quite horizontal and the meteorological conditions were therefore

not influenced by local effects.

To find the temperature gradient during the three main

melting periods the averages of the two-hourly daytime potential

temperatures at three and twenty-three feet (91 and 701 cm.) above

the surface have been calculated for each period. For the three

periods the mean daytime potential temperatures at the two levels

were, in degrees G.:

3 feet (91 cm , ) :
23 feet (701 cm.):

lst period
1.01
1.29

2nd period
0.46
0.57

3rd period
0.29
0040

These temperatures vary with height according to

(10)

where Q is the potential temperature at height z» and QI at height

zl' and where nQ takes a slightly different value for each period o

The values for ng for the three main rnelting periods are:

Wallen15 noted that Sverdrup assumed and was able to show that the

wind and temperature distribution followed the sarne type of a

power law, where the value of the power n was the sarne in both

cases , It is not certain, however , that ·the sarne value of n is

15 Wallen, opo cit o, po 582 0
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applicable for both wind and temperature distribution in other

areas o Wallen found a difference in his study of conditions on
16

the Karsa Glacier, and on the Barnes Icecap the value for nu

was found to be 409, whereas the value for ng was 2 02 0 The small

value for ng on the Barnes Icecap, compared with the three higher

values on the Penny Lcecap , B0:cees with Sverdrup's and Wallen vs17

results that there is a decrease of ng with increasing stabilityo

18
Wallen found values for ng varying between 201 and 13060

As the value for nu is not a function of the stability of

the air, it seems reasonable to use the value 4.9 for aIl three

ablation periods, whereas the value for ng will be different for

each period, as mentioned aboveo Wallen19 concluded that it is

not reasonable to apply Sverdrup's values to other glaciers without

-a study of the laws governing exchange of momentum and heat in

every particular case. It is therefore necessary to determine in

every new area of investigation the n-values, which govern the

heat balance conditions above the glacier surfaceo It is to be

expected that the values will be different in regions where topo~

graphical features make the wind and temperature conditions above

the surface more complicated than those over a fIat, smooth sur

face of considerable extent o

16 Ward and Orvig, loco cito

17 Wallen, opo cito, po 5870

18 Ibid o, po 588 0

19 Ibid o, po 5930
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The values for nu and ng for the three main melting per

iods on the Penny Icecap are reasonable in relation to Wallenvs

study, and in these circumstances the equation for the eddy con
20

ductivity used by Wallen has been adopted:

n - 1

A = k .x -4 (~- - l ) (11)10 .uz.z ng nu

From this equation it is evident that the eddy conductivity at a

particular height z must be a function of the wind velocity at

that height and also of the temperature and velocity gradients

(ng and nu). It follows then that the convection term is

(12)

where cp is the specific heat of air at constant pressure (0024

cal/gr. oC) , Uz is the mean wind speed at six feet (183 cm o ) in

crn./sec, z is 183 cm., ng takes on a different value for each of

the three melting periods: 8.3, 9.5, 6.3, and nu is 4.9. dG is
dz

the mean vertical gradient of potential temperature, in oC/cm. T

is the time interval in seconds. On substituting the values for

each term in equation (12), the convectional heat can be calculated

for each of the three main melting periods o As the temperature

increased with height over the surface during aIl three periods,

the value of Qa will be positive in the heat equation.

The condensation term 600F. The exchange of water vapour

governed by the eddy conductivity may be calculated from a formula

20 Ibid., p. 597. Wallen actually used k =1 0 8, while
Sverdrup found k ~ 1.4 on Isachsen's Plateau. As the conditions
are relatively sirnilar on the Baffin Island icecaps and on Isach
sents Plateau, the value 1.4 has been adopted here.
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21
analogous to the one expressing the convection term

(13)F = 0 0 623 de
A. df oT ~ Ao P 0 OZ 0 T

dz

where A and T have the same meanings as above, f is the specifie

humidity, e is the vapour pressure and p the atmospheric pressureo

On the Barnes Icecap it was found that on the average

during the ablation period there was a net decrease in vapour

pressure with height, and hence a net evaporation. A study of the

individual observations showed that the gradient was irregular0
22

Often there was an increase in vapour pressure from the surface

to 92 cmo, followed by a decrease higher up. It was therefore not

reasonable to assume that the vapour pressure and the temperature

distributions followed the same laws.

The humidity distribution will vary according to the sta

bility conditions, the normal condition is that de (0 i.e o water
dz

is evaporated from the surfaceo However, above a melting snow

surface the conditions are mostly the opposite: ~)O because

the vapour pressure at the melting surface is fixed at 4058 mm o

The air above generally has a higher value o If dry air moves over

the melting icecap surface the humidity will increase from the

surface in the air layer very close to it, but decrease at higher

levelso Such was frequently the case on the Barnes Icecap. On

21 Ho Uo Sverdrup, "The Eddy Conductivity of the Ai~ over
a Smooth Snow Field," Geofysiske Publikasjoner, Volo Il, Noo 7,
1936, po 390

22 Wo Ho Ward and So Orvig, "The Heat Exchange at the
Surface of the Barneslce Cap during the Ablation Period," Journal
of Glaciology, Volo 2, No o 13, 1953, po 167. . .
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the Penny Icecap fog was very frequent, also in the ablation

periods, and the vapour pressure and the temperature therefore

very probab1y fo11owed the sarne power law o Wa11en23 found that

there was no considerable difference between the laws governing

the heat and humidity transport iu the two-meter air layer above

the glacier surface, and both 0 ~erdrup and Wal1en came to the con

clusion that the indices of the power laws governing the vapour

pressure and the temperature distribution (ne and ng) are equal.

As the power 1aw is cons idered to be the same for tempera

ture and humidity, A is identical in equations (7) and (13)0 The

ng-l
F =1.4 x 10-4 . Uz 0 z(-ng- - 1) 0 0 623 deBü 0 p 0 dz.T (14)

where ~ is the mean wind sp~9d at six feet (la3 cmo) in cmo/sec,

z is la3 cm o, ng takes on a different value for each of the three

melting periods: a 03, 905 , 603 , and nu Ls 4.. 90 ' p ~s the mean

atmospheric pressure at the icecap station (mm Hg), and de is the
ëiZ

mean vertical gradient of vapour pressure, in mm Hg/crno T is the

time interval in seconds o The dimension of F is gro/cm2• On sub-

stituting the values for each term in equation (14), the heat of

condensation can be calculated for each of the three main meltîng

periods o As the vapour pressure increased with height over the

surface during aIl three periods, the value of F will be positive

in the heat equation.

23 Wallen, opo cit., po 5930



CHAPTER VII

ABLATION AS A FUNCTION OF RADIATION AND

METEOROLOGICAL FACTORS

In the study of conditions on the Barnes Icecap a detailed

investigation of the importance of the different meteorological

factors in the ablation was prohibited by a lack of instruments

for measuring radiation o However, Sverdrup's simplified formula

was used to compute the ablation on certain specified dayso This

computed ablation was then compared with the observed ablation

on those daysol It must be borne in mind that the relationships

discovered by Sverdrup2 do not hold in aIl cases. Both Sharp3

and Ahlmann4,5 quote Wallen's results from the Karsa Glacier in

Sweden, where Sverdrup's relationships were found not to hold o

The importance of the different meteorological factors in ablation

vary from one morphological typé of glacier to another o Very

recent (1953) observations from the Lemon Creek Glacier in Alaska

l So Orvig, The Climate of the Ablation Period on- the 
Barnes lee-Cap in 1950, thesis presented for the degree of MoSco,
McGill University, 1951, ppo 153-580

2 Ho Uo Sverdrup, "The Eddy Conductivity of the -Air over
a Smooth Snow Field," Geofysiske Publikasjoner, VQlo Il, No. 7,
1936, pp. 1-69.

3 R. P. Sharp, "Glacial-Meteorological Investigations in
Swedish Lappland: Review Article," Arctic, Vol. 3, No. 2, 1950,
p. 115.

4 Ho W:son Ahlmann, "The Contribution of Polar Expeditions
to the Science of Glaciology," The Polar Record, Vol. 5, Noso
37-38, 1949, p. 328 0

5 H. W:son Ahlmann, "Glacier Variations and Climatic
Fluctuations," Bowman Memorial Lectures, Series 3, 1953, po 7.
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are only in a preliminary stage of evaluation, but there are

indications that long-wave radiation from clouds to the snow was

6more important than insolation in the total heat exchange o Pre-

vious investigations on the heat balance over a snow surface have

not mentioned the importance of long-wave radiation in the trans

fer of heat to the surfaceo As more work is being done on radia-

tion problems it is probable that it will be found necessary to

consider the heat radiated from thick clouds p at least in the

case of clouds with higher temperatures than the snow. However p

in the case of the Baffin Island icecaps it is to be expected

that the importance of long-wave radiation in transferring heat

to the snow is negligibleo There is rather a net outgoing radia-

tion due to lower air and cloud temperatures and less cloudiness

than experienced on the Juneau Ice Field. The two icecaps studied

in Baffin Island are similar in many respects to Isachsen's Plat

eau in West Spitsbergen, where Sverdrup carried out his heat ex

change studies. Not only are those icecaps relatively level and

situated at altitudes of several thousand feet, but the climatic

conditions have much in common and, most important, the meteoro-

logical conditions are not influenced by topographical factors o

Sverdrup applied his simplified formula to observations from North

East Land as weIl as West Spitsbergen, and the results were con~

sistent. He was of the opinion that the formula probably can be

6 Personal information from R. Co Hubley, University of
Washington o
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applied at other localities,7 and the results of the computation

of ablation on the Barnes Icecap according to Sverdrup's formula

suggested that the formula will give accurate results, if the

necessary information is available regarding radiation and meteor

ological factors. 8

The simplified formu1a combines the effects of the factors

which influence the ablation, but the relative importance of the

different factors is quite obscured. A knowledge of the effects

of the separate meteorological elements on the ablation is only

possible if a continuous and complete record of radiation is avail-

able for the whole ablation season.

On the Penny Icecap the ablation took place in short,

interrupted periods, and it is possible to apply the results of

the meteorologica1 and radiation studies to the problem of abla-

tion in the three main melting periods. In Chapter VI the heat

equation was given as:

80H = ~I - R t Qa + 600F (6)

where F ls positive in the case of condensation, and negative in

the case of evaporationo It was further mentioned in Chapter VI

that for the three main melting periods on the Penny Icecap both

Qa and F were positive in the heat equation. This then takes the

form:

7 H. U. Sverdrup, "The Ablation on Isachsen's Plateau and
on the Fourteenth of July Glacier in Relation to Radiation and
Meteorological Conditions," Geografiska Annaler, Vol. 17, Ht o 3-4,
1935, p. 163.

8 Orvig, op. cit., p. 158.
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80H ~ oe.I - R + Qa + 600F

where H is the ablation measured in cms , of water; ce. = (l-a),

where a is the albedo of the snow surface; l is the total incoming

(short-wave) radiation from sun and sky ; R isthe outgoing (long

wave) radiation from the surfar:G; Qa is the heat transported to

the surface by conduction Rnd convection; and 600F is the heat

transported to the surface by condensation. The value of Qa is

expressed by equation (12), and that of F by equation (14), both

in Chapter VI.

As mentioned in the paragraph on Humidity (PP. 83-88), it

was found to be practically impossible to obtain reliable humidity

observations at low temperatures, and at temperatures close to

the freezing point. As pointed out on pp. 84-85 all investigators

on glaciers and icecaps have found that accurate measurernents of

humidity have caused difficulties.

Shar p9 pointed out that sorne method is sorely needed for

measuring ablation of snow and firn with an accuracy and reliabil-

ity equivalent to that with which the meteorological factors are

measured. It is not an easy task to develop such a method, but it

is essential to the balancing of the ablation equation. This

difficulty in measuring ablation was experienced on the Baffin

Island icecaps also, and there are therefore two factors in the

ablation equation which are difficult to obtain with satisfactory

accuracy: the ablation and the vertical gradient of vapour pressure.

9 R. P. Sharp, "Glacier Variations and Climatic Fluctua
tion~: Review Article," Arctic, Vol. 6, No. 4, 1953, p. 273.
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I. THE FIRST MAIN MELTING PERlOn

This period began at 0700 on July 13th, and lasted until

2000 on July 15th, or a total of 61 hours. 'The mean daily rela

tive humidity for the three days was 86, 91 and 100 per cent.

Rain fell on July 15th.

The value of H for thls period is 2.4-1.8 cms. of water

(Table 42, p. 154). The value of ~is 0.40, because the value

0.60 for the albedo of melting snow has been adopted for the

Penny Icecap (p. 140). The total incoming radiation (1) for the

61 hours amounted to 1659 cal/cm2• The value of R (out-going

radiation) can be calculated from the values given in Chapter IV,

2paragraph IV. In fog we have adopted the value Rf =0.045 cal/cm.

min. Parts of two of the da.,-s of the first main melting period

had ah average of 5/10 high cloud, a total of 27 hours, and the

outgoing radiation is then: R5 =0.160(1-0.045x5J cal/cm2.min.

The total value for R is therefore:

(0.045x60x34)cal/cm2 + (0.160(1-O.225)x60x27)cal/cm2 -292.7 cal/cm~

The value of Qa (conductional and convectional heat) can be calcu

lated from equation (12), (p. 177):
-4 (ng, - 1

Qa = cp x 1.4 x 10 x uz x Z( ng,

where cp is 0.24 ca1/gr. oc; Uz is 676.37 cm/sec.; z is 183 cm.;

ng, = 8.3; and nu =4.9. For the first main melting period ~~ =
o .

0.00046 C/cm. T =60x60x61. The value for Qa is therefore:

Qa = 77.5 cal/cm2•
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The amount of heat 1iberated by condensation, 600F, can

de
x dz x T

(p. 179):

.1 ) 0.623
nu ) x p

be calculated from equation (14),

(nQl - 1
F =1.4 x 10-4 x u x z (--n----

Z QI

where Uz is 676.37 cm/sec.; z is 1$3 cm.; nQl =S.3; nu = 4.9;

p =584.72 mm.Hg.; and ~~ :: 0.0001 mm.Hg./cm. T =60x60x6l.

On page 179 it was stated that the vapour pressure increased with

height over the surface during aIl three periods, and that the

value of F is therefore positive in the heat equation. This is

true for the second and third melting periods, and also true, as

an average, for the first periode However, 27 hours of the total

61 hours of the first melting period had no fog, and the Mean

vertical gradient of vapour pressure was then negative, indicating

evaporation from the surface. For the remaining 34 hours the mean

vertical gradient of vapour pressure was positive, indicating

condensation. For the period as a whole the Mean vertical gradient

de /of vapour pressure was positive: dz = 0.0001 mm.Hg. cm., and the

resultant value of F is positive in the heat equation. The amount
2

of heat liberated by condensation is therefore: 600F = 44.8 ca~/cm.

We can now ca1culate the theoretical ablation (H cms.) for

the first me1ting period:

80H • 0.4 x 1659 - 292.7 + 77.5 + 44.8 =493.2 cal/cm2

H = 6.2 cms.water

This is ,2. 6 times as much as the maximum of the observed value,

which lies between 2.4 and 1.8 cms, This, -howe v e r-, is not unduly

high, as it has been supposed in this calculation that the value
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-Qs -- the heat lost to the underlying snow -- was zero. As

mentioned on pp. 171-172 it was observed that melt water was

present in snow as cold as _30C. l O A total 1055 downwards of

301 02 cal/cm2 during this period would balance the equation and

give H • 204 cms. This means ~;. average value for -Qs of 0.00137

cal/cm2.seco, and to balance ~he heat equation with the minimum

value of observed ablation (H =1.8) would give a total value

for -Qs of 349 02 cal/cm2, or an average of 0.00158 cal/cm2.sec.

It is certain that there was heat conduction through the snow

during this first melting period, as the temperature decreased

with depth from the very surface, and t he value for -Qs:

0.0014-0.0016 cal/cm2.sec. is reasonable as shown in the follow-

ing.

The speed with which heat is transferred into the snow

by conduction, not considering the trickling down of melt water,

depends on the temperature gradient and the thermal conductivity

of the snow. This latter is given by b • cal/cm.oCosec., and

with a temperature gradient in the snow of t oC/cm the following

amount of heat will pass through 1 cm2 per second: b.t cal/cm2.sec.

Many different values are given for the thermal conductivity. of

snow. Geigerl l gives for old snow: 0.0007 and for freshly fallen

10 Sverdrup described "pocketis" of cold firn surrounded
by melting firn ("The Temperature of the Firn on Isachsen's Plat
eau and General Concl~s10ns regarding the Temperature of the
Glaciers on West-Spitsbergen," Geografiska Anna1er, Vol. 17, Ht.
1-2, 1935, p. 79). On the Penny Icecap it 'was found that "pockets"
of melt water were surrounded by cpld firn, i.e., more of the
latter.

Il R. Geiger, The Climate Near the ' Ground , Cambr-tdge ;
Harvard University Pre~s, 1950, Table 9, po 28.
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snow: 0.0002 cal/oC.cm.sec. Variables such as density, crystal

structure and orientation are responsible for the lack of agree-

ment in the results of a great number of investigations.

Abels12 was one of the first to study the problem of heat

conduction in snow, and for snc~ densities of 0.14(,< 0.34 he

found b = 0.006àf2 cal/oC.cm4oec., which for a density of 0.33

gr/cm3 gives b = 0.0007, and this value corresponds to Geiger's

values above. Sorne of the more recent investigations give only

slightly different resultsj those calculated by The Cooperative

Snow Investigation were based on the diurnal temperature varia-

tion at different depths in a natural snow cover, and gave a

value: 13 b a là.3rxlO-4, which for density of 0.33 gr/cm3 gives:

b = 0.0006 cal/oC.cm.sec.

From recent studies Reuter14 has drawn the conclusion

that the transfer of heat in the highest layers of snow must make

up about 7-à times the figures given in literature by Abels and

others, who have based their calculations on investigations of

the diurnal waves of temperature in snow layers. It must be

borne in mind that no detailed investigations of thermal con-

ductivity of srtow are, as yet, available from locations where

12 Ho Abels, "Beobachtungen der tHglichen Periode der
Temperatur im Schnee und Bestimmung der WHrmeleitverm8gens des
Schfiees aIs Funktion der Dichte," Rep. Meteor. Petersburg, Bd.16,
No. l, là92, pp. 31-32.

13 Review of-the
No. 4, University of Minnesota, •

SIPRE Report

14 H. Reuter, ::Uber die Theorie des W~rmehaushaltes einer
Schneedecke," Archiv fur Meteorologie, Geophysik und Bioklirna
tologie! Serie A, Bd. 1, Ht. 1, 1948, po 63.
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15
the temperature gradient is as steep as that on the Penny Icecap •

Even during the first main melting period, when melt water

actually had trickled down into the snow, was the temperature

gradient in the upper )0-40 cms. of snow as steep as O.ll)oC/cm.,

and calculated for a deeper laysr it was even steeper.

Using Reuter's valu8 for b: 0.006 cal/oC.cm.sec. and a

temperature gradient of O.ll)oC/cm., we obtain a heat loss by

conduction of 0.0007 cal/cm2.sec., which is one half of the amount

necessary to balance the heat equation. However, considering the

impossible task of obtaining accurate ablation measurements, the

very cold firn under the top layers of snow (causing a probably

larger heat loss than that calculated above), and the complex

temperature conditions in the snow, we may take the values as

calculated in this paragraph as reasonable indications of the

relative importance of the different meteorological factors in

the process of ablation during the first melting periode

110 THE SECOND MAIN MELTING PERIOD

This period began at 1200 on July 19th, and lasted until

2000 on July 20th, or a total of )2 hours. The mean daily rela

tive humidity for the two days was 99 and 100 per cent. July

20th had very thick fog.

15 Sverdrup, op. cit., p. $2, mentions that it was in
tended to undertake a detailed inv~stigation of temperatures at
depths in order to obtain data for computing the heat conductivity
of the snow o However, the observations gave ho information about
the conductivity as the snow reached the melting point early in
the ablation period.
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The value of H for this period was 2.6-1.8 cms. of water

. (Table 42, po 154). The value of ~ is 0.4 as for the first periode

The total incoming radiation for the 32 hours amounted to 583

cal/cm2• The period had continuous fog and the outgoing radiation

was therefore: R = (0.045 x 60 ~ 32) cal/cm2 ~ 86.4 cal/cm2• The

value of Qa is again calculatect from:
ng2- 1 - l dQ

Qa :: cp x 1.4 x 10-4 x uz x z ( ilQ2 lI'ü) x dz x T

where cp is 0.24 cal/gr.oC, Uz is 530.86 cm/sec.; z is 183 cm.;

nQ2 =9.5; and nu =4.9. ~~ is now: 0.00018 oC/cm.; and T is

60x60x32.

The value for Qa for this second ablation period is

therefore: Qa =13.5 cal/cm
2•

The value of 600F is again calculated from:
nQ2-1 - 1) 0.623 de

F :g 1.4 x 10-4 x Uz x z ( ilQ2 nu x p x dz x T

where Uz is 530.86 cm/sec.; z is 183 cm.; nQ2 • 9.5; nu ~ 4.9;
de

p =579.35 mm. Hg. and OZ =0.0005 mm.Hg./cm. T = 60x60x32. The

mean vapour pressure at 23 feet (701 cm.) was 4.9022 mm.Hg., and
othe mean temperature was 0.94 Co This corresponds well with

16
Sverdrup's vapour pressure at 500 cm. on days with > 3 rn/sec

wind and temperature 0.9-1090C: 4.89 mm.Hg. The value of 600F

i5: 100.9 cal/cm
2•

We can now calculate the theoretical ablation (H cmso )

for the second melting period:

16 H. U. Sverdrup, "The Eddy Conductivi ty of the Air over
a Smooth Snow Field," Geofysiske Publikasjoner, Vol. Il, No. 7,
1936, Table 2, p. 28.
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86.4 + 1305 + 10009 - 261.2 cal/cm2

H ~ 3.3 cms.water

This is 0.7 cms. more than the maximum of the observed value,

which lies between 2.6 and 1.8 cms. This must be considered to

be very close to the observed v~lue, as a certain amount of heat

was lost to the underlying s~ow also during the second melting

period (p. 172). This amount p -Qs, has not been allowed for in

the above calculationo A total heat loss downwards of 53 02 cali

cm2 would balance the equation and give H ~ 2 06 cmso This is an

average value for -Qs of 0.00046 cal/cm2.sec., a very probable

value. To balance the heat equation with our minimum value for

observed ablation (H ~ 1.8) would give a value for -Qs of 117.2

cal/cm2, or an average value of 0 00010 cal/cm2.sec., also a value

of the expected order of magnitudeo The values calculated in

this paragraph are therefore good indications of the relative

importance of the different rneteorological factors in the process

of ablation during the second melting period o

III. THE THIRD MAIN MELTING PERIOD

This period began at 2000 on July 23rd, and lasted until

0900 on Ju1y 26th, or a total of 61 hours. The mean daily rela~

tive humidity for the four days was 99, 99, 100 and 100 per cent.

The who1e period had thick fog, and hoar~frost was observed on

July 23rd.

The value of H for this period was 4.3~30l cms. of water

(Table 42, po 154). The value of. i8 0.4 as for the two other
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main melting periods. The total i ncomi ng radiation for the 61

hours amounted to 897 ca1/cm
2•

The period had continuous fog ;

the outgoing radiation was therefore ~ R = (0.01~5 x 60 x 61) calf

cm2 ~ 164.7 ca1/cm20 The value of Qa is again calculated from ~

n~a=l = 1 dG
Qa ~ cp x 1 0 4 x 10-4 x uz x z ( . 3 ~) x dz x T

h . 0 24 ' 1 Oc e 30 d 46 / . I d3w ere cp ~s. ca.i./ gr-, ; U z a s 0 0 cm sec , ; z as 0 cms s ;

dG
nQ3 ~ 6 03; and nu ~ 4090 dz is now ~ 0 000018 °C/cm o; and T =

60x60x610 The value for Qa for this third ablation period is

therefore~ Qa ~ Il.3 cal/cm20

The value of 600F is again calculated from ~

4 nG3 -1 = -!-) 00623 de
F ~ 1 04 x 10= x Uz x z ( hG3 nu x p x dz x T

where Uz is 308046 cm/seco ; z is 183 crns. ; nQ3 ~ 603 ; nu ~ 4.9;
de

p ~ 582 027 mm.Hg. , and àz ~ 0.0012 mmoHgo/cmo T =60x60x61 0

The Mean vapour pressure at 23 feet (701 cmso) was 5041 mm~Hgop

oand Mean temperature was 2 04 Co This corresponds weIl with
. , 17
Sverdrupvs vapour pressure at 500 crns o on days with) 3 rn/sec

wind and temperature ) 1.90C ~ 5058 mm.Hg. The value of 600F is ~

202.0 cal/cm2•

We can now calculate the theoret ical ablation (H cmso)

for the third rnelting period~

80H ~ 0 04 x 897 = 16407+ Il.3 + 202 00 ~ 40704 cal/cm2

,H = 501 cmsowater

This is 0 08 cmso more than the maximum of the observed value p

17 Sverdrup p loco cit o
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which lies between 403 and 3 01 cmso This must be considered to

be close to the observed value. The top layer was now melting 9

and conduction of heat downwards (=Qs) was probably negligible;

to balance the equation and obtain H = 403 cms. we must account

for a total of 63.4 cal/cm20 This is an average of 0000029 calf

cm2.seco~ which can be expl~ined by a very small heat conduction

downwards or by the uncertainty in ablation and humidity values.

The values calculated in this paragraph are therefore good indica

tions of the relative ,i mpor t ance of the different meteorological

factors in the process of ablation during the third melting periode

IV. IMPORTANCE OF RADIATION~ CONVECTION AND CONDUCTIONs

AND CONDENSATION

The relative significance of radiation, convection and

conduction, and condensation in ablation varies not only with

altitude and the general character of the climate, but also with

the latitude. Radiation is greatest in high=lying parts; at low

altitudes the convection is of greater importance than radiation,

as observed in West Spitsbergen and North East Land. 18 As a

general rule it is also true that the relative importance of the

different factors changesfrom the beginning of the ablation
19

season to its end. The influence of radiation usually diminishes

, 18 Ho W:son Ahlmann, "The Contribution of Polar Expeditions
to the Science of Glaciology," The Polar Record, Vol o 5, Noso 37
38, 1949, po 328.

19 Ho W:son Ahlmann, "Glacier Variations and C1imatic
Fluctuations," Bowman Memorial Lectures, Series 3, 1953, po 7.
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after late June» and radiation becomes more important with de =

creasing latitudeo In a continental and arid climate (eogo p

Peary Land) the evaporation becomes of greatest importance in

the ablation processo 20

The Penny Icecap station was situated on the highest dome o

The results are therefore not completely representative of the

conditions between the firn line and this highest point o Also p

due consideration must be paid to the uncertainty of sorne of the

observations, as conditions were very unfavourable for obtaining

accurate measurements o Conditions may also change from year to

year, although for the region as a whole the weather was average

(po 42)0 The assumptions on which the calculations are based are p

of necessityp rougho As a reconnaissance of an unknown icecap

the results may, however, be used in a comparison with other well

explored glaciers and icecaps around the North Atlantic o

During the three main melting periods on the Penny Icecap

the heat received at the surface by the different factors was as

set forth in the following table o Sorne evaporation took place

during the 27 first hours of Period l, but on the whole evapora~

tion was insignificant because of the high moisture content of

the air, and because the temperatures were above the freezing

pointo This is in accordance with results from other research

20 Bo Fristrup p "Climate and Glaciology of Peary Land~
North Greenland p " Assemblee Generale de Bruxelles j UoGoGoI 9 g 1951 p
Tome l, Louvain, 1952, po 1890
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21
in ~weden» Spitsbergen and Greenland. Between July 28th and

August 9th nine days had sorne ablation» but the periods were short

and interrupted, lasting from three to eleven hours" The period

had mainly thick fog or 10w overcast; only 72 hours of the whole

period had no fog at the station, and less than 5/10 clouds o

Humidity values were high Aven then, and only August 3rd and 4th

could possibly have had evaporation. However, no noticeable

ablation was measured on those days.

TABLE 44

HEAT SUPPLY AND PERCENTAGE IMPORTANCE

cal/cm2

available radiation convec. & conduc. condensation total
gC..I-R · % Qa % 600F % calicm~

Period
Period
Period
Total:

1~ 370.9
2: 146.8
3~ 194.1

711.8

75,,2
56.2
47,,6
61.3

7705
13.5
11 0 3

102.3

44,,8
100,,9
202,,0
34707

9,,1 493,,2
38.6 261 02
49,,6 407,,4
29,,9 1161,,8

As a total for the three main periods of ablation on the

Penny Icecap, then» the heat wasmainly supplied by radiation

(61.3 per cent). Next in importance was condensation (2909 per

cent); convection and conduction supplied Dnly 8.8 per cent" The

season was so short that a variation with tirne of the heat supply

for ablation could not be detected. There was a dirninishing im

portance of radiation from Period 1 to Period 3, but the three

melting periods spanned over only a total of thirteen days, and

21 C. C. Wallen, "Glacial-Meteorological Investigations
on the Karsa Glacier in Swedish Lappland 1942-1948," Geografiska
Annaler, Vol" 30» Ht. 3-4» 1948, p. 603» and p. 609.
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the diminishing radiation is therefore not due to the seasonal

factor» but rather to cloud and fog conditions o For the same

reason (brief ablation season) nothing can be said about the varia=

tion of importance of conductional and convectional heating» which

normally should increase fr0~ ~he hcginning to the end of the

ablation season o The conGe~sational heat supply accounted for )0

per cent» from about 9 per cent in the period with partIy clear or

overcast weather~ to 50 per cent in thick fog o As mentioned above g

the results from Camp Al on the Penny Icecap are not comp1ete1y

representative of the conditions 10wer on the icecapg and on the

outf1owing glaciers o The importance of radiation for the icecap

as a whole must be less than· the 61 03 per cent calcu1ated for the

highest dome o The convectiona1 and conductional process must be

considerably more important in ablation at 10wer altitudes j as

there the fog frequency was lower and air temperatures higher than

at the highest dome o Condensation would lose sorne of its impor=

tance at lower a1titudes o

Vo COMPARISON WITH OTHER INVESTIGATIONS

Wallen22 has summarized the results of the pioneer invest

igations around the northernmost Atlantic o His Table 53 contains

results j for August~ of investigations in West Spitsbergen» North

East Land» East Greenland» Iceland and Sweden. Ahlmann23 has re~

produced Wa1len's table and added results from an Alpine glaciero

22 Ibid o» ppo 632=340

23 Ahlmann s opo cit0 9 po 6 0



PERCENTAGE IMPORTANCE OF DIFFERENT FACTORS IN ABLATION

Ice

Snow, ice
in Au ust

Snow {37days)
Ice (4daysJ

3.5 Ica

8.4 Snow

29.9 Snow

24 Snow

16 Ice

17.6 Isolated
snow field

14.7 Snow

Conden-
sation Surface

53+
cond.

29

32.3+
cond.

B6 +
cond.

15

29.4

44

Convec. &.
Conduc.

55

23.9

81

14

47

55.9

32

67.7

Radia
tion

66°59 f N
650 2B'W
2050 m.

46°50'N
10045 ~E

3000 m.

79U56'N

IBolB'E
5 m.

79009.fN

12056'E

870 m.

69043'N

72°13 ~Vl
B66 m.

20050 'VI

6td5o~N

--"--
>1100 m.

68020'N
IB020'E

<1100 m.

Position &.
El eva t i on

15030 'vi
(1000 m.
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TABLE 45

24 H. U. Sverdrup, "The Ablation on Isachsen's Plateau and
on the Fourteenth of July Glacier in Relation to Radiation and
Meteorological Conditions," Geografiska Annaler, Vol. 17, Ht. 3-4,
1935, p. 149, p. 155, p. 164.

25, 26, 27 and 28: please see next page.

Glacier &. Year

HoffellsjBkull
April-0ctober~

1936

Penny Icecap
13/7-26/7,1953

In the fol10wing table a similar comparison is made of the impor

tance of various factors in the ablation on different glaciers,

using the values given by Sverdrup,24 Eriksson,2 5 Ah1mann and

Thorarinsson,26 Wallen,27 and Ward and Orvig. 28

Isachsen's
Plateau ·

26/6-15/8,1934
Sveanor
30/6-6/8,1931
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It must be borne in rnind that these values do not cover

the same periods, and that therefore a direct comparison of the

different locations can only have a limited value o However p

Wallen's table contains the results of August observations; on

both the Baffin Island iceca~~ che ablation season was over before

the middle of Augusto

It is not surprising» in view of the similar climatological

conditions, that the results from Isachsen's Plateau and the Barnes

and Penny Icecaps show 50 many similarities o The radiation is

somewhat more im~ortant in Baffin Island than in Spitsbergen due

to the lower latitude o The Karsa Glacier, although situated in a

latitude between that of the Barnes and ,Penny Icecaps, shows some~

what less radiation importance» because it is of the temperate

type and situated in a maritime climate o

The small amount of convection on the Penny Icecap is due

to the low air temperatures o In this respect the opposite is

" "found on the Froya Glacier and on Hoffellsjokull (Iceland)p which

are quite similaro Those glaciers are situated at low altitudes

close to the sea, where summer air temperatures are relatively

25 Bo Eo Eriksson, "Meteorological Records and the Ablation
on the Ftbya Glacier in Relation to Radiation and Meteorological
Conditions," Geografiska Annaler, Vol o 24, Hto 1-2, 1942, po 390

26 Ho W~son Ahlmann and So Thorarinsson, "Scientific
Results of the Swedish-Icelandic Investigations 1936-37-38 p Chapter
V~ Ablation," Geografiska Annaler, Volo 20 p Ht o 3-4, 1938, po 226 0

27 Wallen, opo cit o, po 6330

28 Wo Ho Ward and So Orvig, "The Heat Exchange at the Sur
face of the Barnes Ice Cap during the Ablation Period,tf The Journal
of Glacio10gy p Vo10 2, No o 13, 1953, ppo 166-670
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»
high o More important on the Froya Glacier, however, is the fact

that, in clear weather» the radiation from the snow surface was

so great that the SUffi of radiated heat was negative, resulting in

ablation mainly by convection o29 The radiation actually increased

in importance in cloudy weat~cro Etienne30 also found in West

Greenland (66°N) that the sum of radiated heat over the glacier

surface often was negative o

It is necessary, in a comparison of conditions in different

areas, to remember the topographieal factor, which is important in

governing radiation and wind conditions o The topographical picture

is the same on the two Baffin Island icecaps and Isachsen's Plateau,

and the most noticeable difference in the meteorological factors

in those three locations is the very high condensation on the Penny

Icecapo This is caused by the altitude and consequent low air

temperature, resulting in fog and a reduced importance of convec~

tion o

Near the end of the ablation season the importance of the

different factors will de pend on a glacierYs location o Near the

coast, at low altitude, the convection will continue even after

the radiation term becomes negative, but inland at higher altitudes

the convection term will not increase in importance, and the radia~

tion is important till the end of the season, as observed in Baffin

Islando The season in Baffin Island terminated rather earlier than

29 Eriksson, loc o cito

30 Eo Etienne, cited by Eriksson 9 Ibid o, po 40 0



= 199 =

that in other investigated localities o

Although no previous research has been done on the glacio

logy of the Baffin Island icecaps» it seems safe to assume that

conditions in the higher parts cannot have become more favourable

for ablation in recent decade~o The upper parts of the Penny

Icecap are still in a healthy state, and the cause for the recent

rapid wasting of the outflowing glaciers, as observed in the Pang

nirtung Pass» must be increased ablation due to increased transfer

of heat from the airo This ls the most important factor at low

levels, and it is caused by either increased air temperatures

during the ablation season, or by a longer season p or by a corn=

bination of these two factors o This could be caused by stronger

and more persistent southerly winds p or by a reduction in frequency

of northerly winds o It is probable that Baffin Island lies outside

the area affected by the recent increased southward transport of

air in the Greenland-Labrador=Newfoundland area (ef o po 165}o

Because of the altitude of the Penny Icecap the results

of these ablation=period studies are probably indicative of the

conditions in high-polar regions o



CHAPTER VIII

SU~~ARY AND CONCLUSIONS

r , SUlviMARY

The thesis contains t.h> r-eaul.t s of meteorological obser

vations carried out during the summer of 1953 on the Penny Icecap,

and many references to similar observations on the Barnes Icecap

in 19500 The weather in the Cumberland Peninsula area during the

budget year 1952-53 is discussed, and an account is given of the

radiation and ablation measurements o The heat exchange at the

icecap surface i5 discussed» and the dependence of ablation on

different meteorological factors is studied and compared with

other regions o

THE BUDGET YEAR 1952-53

Surface data (average temperature, precipitation, wind

and cloudiness) from Padloping Island have been compared with the

values for the summer months of 19530 The months of June and

August were only slightly colder than the ten-year average p July

was exactly normal o May was warmer than the ten-year average o

The summer had slightly more precipitation than the average over

a longer period» and about average amounts of northerly winds o

The southerly winds were considerably more frequent than in an

average summero Wind speeds were very close to normal, as was the

cloudiness o
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The winter snowfall (1952-1953) at Padloping was heavier

than the normal~ but as the normal is for a short period (six

years) it is reasonable to suppose that the accumulation on the

Penny Icecap was close to the average o

METEOROLOGIr.AL OBSERVATIONS

Temperature 0 The mean daily temperature for the whole

period of investigation wa-s 19070
; the absolute maximum was 38050

and the absolute minimum was =130500

The average difference in temperature between Base Camp

and the icecap was 17 degrees F09 i oe 09 0 06 degrees C/IOO meters g

or the same as the mean lapse rate of the free atmosphere.

The temperature increased with height above the icecap

surface in only 17 per cent of aIl observations, and a straight

drop in temperature with height was recorded in 39 per cent of

aIl observations o The coldest period had the most unstable con

ditions, and the Penny Icecap stands out as an icecap with a

frequently unstable temperature distribution above the surface o

The frequency distribution of temperatures above the sur

face on the Penny Icecap shows different characteristics from

those of the Barnes Icecap and Isachsen's Plateau o On the Penny

Icecap the maximum frequency fell in the interval 2401-26000
9

several degrees below the freezing pointo There was no direct

relation between wind direction and temperature on the Penny Ice-



= 202 -

Humidityo The humidity measurements were not satisfactory,

mainly because it was difficult to measure humidity at air tem

peratures near or below the freezing point. Supersaturation was

frequently experienced on the Penny Icecap, with low temperatures

and fog. The air was saturRteJ to the highest level during rnost

of the season. No certain ~orrelation could be found between rnean

daily temperature and mean daily relative humidity.

Wind. No local factors influenced the wind, and the

direction at different levels above the surface corresponded at

aIl times o More than one third of the time had southwest wind.

There was little difference in the wind speeds from the different

directions. The average wind speed for the whole period was 908

mph, which is relatively low, considering the altitude. The wind

speeds were almost identical to those observed on the Barnes Ice

cap in 1950. More than half of aIl observations gave wind speeds

between two and ten mph.

Pressure 0 The wind very closely followed the changes in

pressure; the Mean pressure at the station was found to be 22.86

inches. Several frontal systems passed over the region during

the summer, giving strong winds and heavy precipitation.

Clouds, cloudiness and fog o The observations of cloud

conditions on the Penny Icecap were often hindered by the frequent

fog at the station. Of aIl cloud observations 71 per cent showed

fog or"St-forms; otherwise numerous forms were observed. 53 per
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cent of aIl observations had completely overcast skyo The

average cloudiness for the whole period was 707/100

The northwest winds were usually associated with the

clearest weather, the southeast winds were usually associated

with overcast conditions o ~he probability of fog was very uni~

forro throughout the perio( ; the average probability was 0.6l p

and fog was prevalent with wind from aIl directions o

RADI ATION ~ŒASUREMENTS

Sunshine o The total amount of sunshine for the eighty

one days was 467 hours p this DEing·oply 26 - per cent of 't he maximum

possibleo The high frequency of fog was responsible for the low

valueo Twenty-five daysp or nearly 31 per cent of the time p had

no sunshineo The mean daily temperature was often lower on days

with many hours of sunshine than on days with overcast weather p

the reason being the lower minimum temperatures on clear nights o

Incoming radiatio~o Two actinographs were used in record

ing total incoming short-wave radiation o The results were

slightly different for the two instruments p and the average value

for each day has been calculated o The ratio llO/la was consider

ably higher on the Penny Icecap than on the Karsa Glacier g in

about the sarne latitudeo The explanation is the frequent fog on

the Penny Icecap» when the sky was often reported overcast p in

spite of the fact that t here may have been no middle or high

cloud. The high values of incoming radiation are reasonable when
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compared with other observations in high latitudes o

Albedo o On the Penny Icecap albedo measurements were

carried out by measuring simultaneously the incoming and reflected

radiation by two specially const~ucted radiometers o The albedo

measurements gave good ag'ceement with other investigations 0

Outgoing radiationo Observations of the net radiative

flux were made~ but these were only spot measurements» and a con

tinuous recording is not available o The outgoing (long-wave)

radiation has been adopted from previous research in other regions o

ABLATION MEASUREMENTS

The Penny Icecap is different from its northern neigh~

bOUrBo It lies at a higher altitude and therefore reaches above

the local firn lineo The firn line was found to be at about 5100

feet o At Camp Al typical firn was found below the current settled

snow of about three to four foot thickness o Below forty-three

feet there was almost entirely solid ice o The ablation season

was short and interrupted» and accumulation took place throughout

the summer- at "t he altitude orthe icecap campo The t emper-at.e '

and most of the sub~polar glaciers have air temperatures above

the freezing point in the ablation season over the whole glaciero

Such was the case on the Barnes Icecapo ' I f a sub-polar glacier

, or icecap is sit.uated at a high altitude» the conditions may

become similar to those of a polar glacier where the air tempera

ture may never rise above the freezing pointo The ablation in
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the accumulation area becomes very small o Such was the case on

the Penny Icecapo The ablation on the highest dome took place in

three short continuous periods and in one intermittent period p

totalling 10-15 cmso of water o 1he 1952-53 accumulation p equal

to the ablation p at the equilibrjum line was 40 cms o of water o

Classificationo The values of accumulation ( =ablation)

at the equilibrium line~ and the altitude of that line i placed

the Barnes Icecap close to the icecaps of Spitsbergen in a general

classification of glaciers == a direct result of the relatively

similar meteorological conditions o

On the Penny Icecap the equilibrium line was found to be

at 1380 meters o

In 1950 it was found that the Barnes Icecap is nearly

stationary, and not receding o In the Penny Icecap region the

outflowing glaciers are noticeably retreating p but air tempera

tures in summer are too low to allow a great deal of ablation in

the higher parts o

THE HEAT EXCHANGE

On the Barnes Icecap the total amount of heat received

during the ablation period was estimated because the observations

were deficient in precise measurements of radiation o

For the Penny Icecap Sverdrup's theories have been used,

with modifications where necessary according to the results of

the meteorological observations o As a first approximation it was
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assurned that the upper layers of snow had a temperature of OOC

during the periods of ablation 9 although the temperature condi

tions in effect were quite complex during the first and second

periods o

ABLATION AND ME~ORùLOGICAL FACTORS

There are two factors in the ablation equation which are

difficult to obtain with satisfactory accuracy~ the ablation and

the vertical gradient of vapour pressure o With due consideration

to these uncertain values, and to the heat loss in the underlying

firn 9 a reasonable agreement has been obtained between the theore

tical and observed ablation for aIl three main melting periods o

Evaporation was insignificant because of the high moisture content

of the airo The heat for ablation was mainly supplied·by radia~

tion (6103 per cent)o Next in importance was condensation (2909

per cent); convection and conduction supplied only BoB per cent o

In a comparison with investigations in other areas it is found

that the results from Isachsenis Plateau (West Spitsbergen) and

the Baffin Island icecaps show many similaritieso The importance

of radiation is somewhat greater in Baffin Island, due to the

lower latitudeo

110 CONCLUSIONS

THE BUDGET YEAR 1952~1953

From the available data it is safe to assume that the

summer weather in 1953 was very close to normal, and on the icecap
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the summer's ablation was close to an average season'so The

assumption that the winter accumulation on the icecap was close

to the average, combined with the normal conditions during the

ablation season, must have resulted in a typical budget year o

The results of the investiga~ion~ on the Penny Icecap in 1953

can therefore be taken as a true picture of the average conditions o

I~TEOROLOGICAL OBSERVATIONS

Temperature 0 Only a slight tendency to a stabilizing

effect by the melting snow surface was observed o On the whole

the daily range of temperature was dependent on cloud conditions

and wind direction more than on the surface snow conditions o

The difference in temperatures between Padloping and Base

Camp in Pangnirtung Pass (1300 feet) was very small, the inland

location of Base Camp being counteracted by the higher altitudeo

A temperature gradient of 00 6 degrees CllOO met ers was

found both in 1950 and in 1953, indicating a uniform value over

large areas in Baffin Island o

The temperature distribution above the surface on the

Penny Icecap was, on the whole, an unstable one o The more frequent

unstable lapse rates were experienced in May and early June o On

the Barnes Icecap the temperature distribution was, in most cases,

a very stable one, indicating that heat must have been transported

from the air to the surface during most of the ablation seasono .

This was not the case on the Penny Icecapo The Barnes Icecap

acts as a temperature stabilizer~ it endeavours to lower the air
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temperature to 320
, its own temperature in the ablation season o

On the Penny Icecap the supply of heat to the icecap by way of

~' convection is amall o Both temperature and wind is controlled by

the general pressure distribution ln the area; an indication of

a purely geographic control of th8 temperature-wind relationship

was not observed. The importance of unperiodic changes in the

temperature of the air masses is greater over snow surfaces at

high altitudes (the Penny Icecap) than over snow and ice surfaces

at lower altitudes (the Barnes Icecap and Isachsen's Plateau).

Over the lower icecaps the stratification is also stable, on the

whole, even on days with only below-freezing temperatures. Over

the surface of a high-lying icecap it is to be expected that the

cold days have unstable conditions, and only the warmest periods

will show stable conditions. Regardless of altitude, it seems

that the icecaps and glaciers in Baffin Island exercise very

little control over the climate of the surrounding land.

Pressure. Several frontal systems passed over the region,

and it seems that well developed frontal systems may form or

travel farther north than has generally been recognized. The

region of the Penny Icecap is frequently influenced by the north

ern part of the low pressure systems.

RADIATION MEASUREMENTS

Sunshine. The icecaps (especially low-lying ones) act as

temperature stabilizers in the period of ablation. On clear days

the temperature will remain relatively low, on clear nights the



"" 209 =

long-wave radiation will cool the airo On overcast days the heat

ing of the air during the daytime i5 less» but the cooling at

night is also less, the result being a smaller diurnal variation

of temperature o The heating of the air on sunny days takes place

over the snow free land sui-round! ng the icecaps 0 The temperatures

over the iee itself are dependent on the duration of sunshine 9

the ratio of snow covered to snow free land 9 and on the distance

the air has travelled over the icecap surfaceo

Incoming radiation o The ratio llO/ra was higher on the

Penny Icecap than anywhere else in the Arctic where similar in-

vestigations have been undertaken o The reason must be the impos-

sibility of observing cloud conditions through the thick fog 9 and

probably multiple reflection between the snow surface and the fog o

It is also probable that the elouds overhead were thinner than

those experienced in other (lower) 10cationsoMore accurate ob

servations of the high and middle cloud would almost certainly

have resulted in a smaller value for 110/100

ABLATION MEASUREMENTS

Classification o Ahlmannl has suggested a classification

of glaciers according to the accumulation (~ ablation) at the firn

line and the altitude of the firn lineo

"Arctic-continental" glaeiers 9 aceording to Ahlmann p

should have an accumulation at the firn line of 0-50 emso of water p

1 Ho W ~son Ahlmann» "The Fourteenthof July Glacier»"
Geografiska Annaler 9 Volo 17 9 Hto 3-4 9 19359 po 2170
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and "arctic-maritime" glaciers should have an accumulation of

50-100 cmso of water and an altitude of the firn line of 0-750

meters above sea level o More pronouncedly continental elimates

are charaeterized by less aeeumula~iono The Barnes Icecap must

be plaeed on the dividing l~ne b~tween "arctic-continental" and

"aretie-maritime" glaeiersoThe values for the Penny Ieecap place

it among the glaciers characterized by small precipitation and

consequently high firn lines o Studies on the Barnes Icecap did

not make it possible to state that the general "warming of the

Arctic" is making itself felt in that part of Baffin Islando In

the region of the Penny Icecap a general increase in the extent

of glaciation at least 150-200 years ago has been followed by a

retreat which began about 50 years ago 9 and which is still notably

in progresso It is probable 9 but not certain, that the Penny Ice

cap proper regularly has a negative regime at the pr~sent time. A

very marked inerease in air temperatures would be necessary before

a shrinkage of the present icecap could take place at the altitude

of the highest parts o However~ a prolongation of the ablation

season and higher summer temperatures would be noticed in increased

ablation in the lower altitudes o

ABLATION AND METEOROLOGICALFACTORS

The relative significance of radiation, convection and

conduction, and condensation in ablation varies not only with

altitude and the general character of the climate, but also witp

the latitude, and with the season o
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Nothing can be said about the variation with time of the

heat supply for ablation~ as the season spanned over only thirteen

dayso The icecap camp was located on the highest dome; the results

are therefore not completely reprpgentative of conditions lower on

the icecap p and on the outl'lowi~~ glacierso The importance of

radiation for the icecap as a whole must be less than 61 per cent o

The convectional and conductional processes must be considerably

more important in ablation at lower altitudes than near the topo

Condensation would lose sorne of its importance at lower levels o

Near the end of the ablation season the importance of the different

factors will depend on a glacier~s location o In the position of

the Baffin Island icecaps p inland at relatively high altitudes p

the convection term will not increase in importance towards the

end, and the radiation continues to be important till the end of

the season o The ablation season in Baffin Island terminates

rather earlier than that in other regions investigated o

It seems safe to assume that conditions in the higher parts

of the Baffin Island icecaps cannot have become more favourable for

ablation in recent decades o The upper parts of the Penny Icecap

are still in'a healthy state~ and the cause for the recent rapid

wasting away of the outflowing glaciers must be increased ablation

due to increased transfer of heat from the airo It may be caused

by either increased air temperatures during the ablation season p

or by a longer ablation season~ or by a combination of these two

factorso It is probable that Baffin Island lies outside the area

affected by the recent increased southward transport of air in
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the Greeland-Labrador=Newfoundland area o

The results of the observations on the Penny Icecap may

be assumed to be indicative of conditions in high-po1ar regions p

because of the altitude of the iCG~ap station o



TABLES l - XIII
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TABLE l

MEAN TEMPERATURE FOR EACH DAY OF INVESTIGATION

Three feet above the surface

Date May JUTI8 July August · .

1 12.2 25.0 25.6
2 5.3 26.6 24.6
3 5.2 26.7 23.2
4 16.7 24.1 25.7
5 20.1 20.5 30.7
6 HL9 23.3 30.3
7 17.5 22.1 27.2
8 13.7 24.6 21.2
9 Il.0 26.0 22.0

10 11.0 24.9
Il 8.8 23.8
12 3.1 22.2
13 15.2 27.3
14 11.9 31.4
15 8.4 33.1
16 7.7 13.1
17 9.7 14.6
18 11.8 20.9
19 13.1 29.1
20 11.5 33.7
21 22.4 12.3 21.9
22 16.0 Il.1 19.1
23 14.7 15.0 26.4
24 18.1 15.9 35.6
25 21.5 27.2 35.6
26 18.9 26.5 30.1
27 9.7 28.7 .l .1 . 1
28 -9.4 27.1 26. r.
29 -2.5 23.5 29.6
30 5.6 25.2 28.0
31 9.1 25.9
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TABLE II

FIVE-DAY RUNNING MEAN8 OF MEAN DAILY TEMPERATURE

Three feet above the surface

Date May June' July August' ·

1 705 2504 2505
2 907 2505 2500
3 1109 2406 2600
4 1302 2402 2609
5 1507 2303 2704
6 1704 2209 27~0

7 1602 2303 2603
8 1404 2402
9 1204 2403

10 905 24.3
11 908 2408
12 1000 2509
13 905 27 06
14 903 25.4
15 10 06 2309
16 909 2206
17 1001 22.2
18 1008 2.2 03
19 1107 24.0
20 12 00 24.9
21 1206 26.0
22 1302 27.3
23 18.5 16.3 27.7
24 1708 1901 29.4
25 1606 2207 3100

26 1108 25 01 31 00

27 706 2606 29 08
28 405 2602 2803
29 205 25.·9 2705
30 3 00 2505 2702
31 5.9 2607.
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TABLE III

DAILY MAXIMUM AND MINIMUM TEMPERATURE

Three feet above the surface

May June July August
Date Max. Mino Max 0 jvlin. Max. Min. Max. Min.

' .

1 160è 7.6 2702 2208 26.8 24.3
2 7.8 207 30 01 23.0 28.0 21.2
3 808 1.5 30.1 23.2 27.7 18 07
4 2500 8.3 2802 20.0 32.4 19.0
5 23 00 17 02 26.3 14.7 35.2 26.1
6 23 01 1407 26.4 2002 3205 28.0
7 21.1 13.9 25.6 18.6 31.4 23.0
8 16.9 1005 2801 21.0 23.2 19.1
9 14.1 7.9 27.2 2408 28.5 15.5

10 14.0 7.9 29.3 20.5
Il 11 00 605 2604 21.2
12 7.0 -0 09 2506 18.8
13 1604 1400 3601 18.5
14 1508 7.9 34.9 2800
15 12.2 406 3408 31.3
16 1108 306 1700 901
17 1106 707 21.7 704
18 15.3 803 2805 13 02 .
19 15.5 1007 35.0 23.1
20 1309 900 3504 31.9
21 2605 1803 15.2 903 26.2 1705
22 18 01 1308 1701 5.1 23.2 15 00
23 17.7 . 1106 19.2 10.8 34.0 18.7
24 26.5 907 24.2 7.6 3709 33.2
25 26.2 16.8 3208 2105 3805 32 06
26 23.1 1406 31.6 2104 32.8 27.3
27 16.5 2.9 30.2 27.1 30.2 2400
28 -- 30.9 23.3 34.3 1900
29 8.6 ~i3 . 5 28.0 1900 30. '8 28.3
30 8.9 2.3 26.0 24.3 29.8 26.2
31 12.8 5.3 30.7 21.1
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TABLE IV

DAILY RANGE OF TEMPERATURE

Three feet above the surface

Date May ,.J ~...ne Ju1y August- ·

1 9. 2 4.4 2.5
2 5.1 . 7.1 6.8
3 7.3 6.9 9.0
4 16.7 8.2 13.4
5 5.8 11.6 9.1
6 8.4 6.2 4.5
7 7.2 7.0 8.. 4
8 6.4 7.1 4.1
9 6.2 2.4 13.0

10 6.1 8.8
11 4.5 5.2
12 7.9 6.8
13 2.4 17.6
14 7.9 6.9
15 7.6 3.5
16 8.2 7.9
17 3.9 1.4.3
18 7.0 15'.3
19 4.8 11.9
20 4.9 3.5
21 8.2 5.9 8.7
22 4.3 12.0 8.2
23 6.1 8.4 15.3
24 16.8 16.6 4.7
25 9.4 11.3 5.9
26 8.5 10.2 5.5
27 13.6 3.1 6.2
28 7.6 15.3
29 22.1 9.0 2.5
30 6.6 1.7 3.6
31 7.5 9.6

Mean daily
range: 10.3 7.4 8.0 7.9
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TABLE V

MEAN DAYTlME TEMPERATURE AT THREE LEVELS

2).9 24.6 2)05
1508 150) 15.1
1).6 -.;
2).0 --
210 9 --
19.4 19.2 1806
10 08 100) 10.1
-- -2 02 ~208

6.2 5.9 509
6 09 5.7 5 0 2

10 04 908 9.8

August
)ft 13ft 23ft

25.7 24.9 25.0
25.7 27.5 27.5
2400 22.6 22.7
30.3 30.8 30.9
33.4 33.9 34.3
31.0 29.8 30.1
29.4 30.0 2.9~4
21.3 21.4 21.2
26.8 26.4 26.6
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TABLE VI

FREQUENCY OF DIFFERENT TEMPERATURE
INTERVALS AT THE THREE LEVELS IN PERCENTAGES

OF THE TOTAL NU~ffiER OF MEASUREMENTS

(Daytime Temperatures from 0800 to 2000)

Interval 3 ft o 13 ft. 23 ft.
no o of no o of no. of
cases % cases % cases 'fa

(' 0.1 0 0 3 007 3 0.7
0.1 = 200 0 0 2 0.5 0 0
2.1 = 400 3 0.6 0 0 4 1.0
4.1 - 6.0 5 1.1 7 1.7 12 2.9
6.1 - 8.0 18 3.9 15 3.7 13 3.2
801 - 10.0 19 401 19 4.7 18 4.4

10.1 - 12.0 19 4.1 13 3.2 13 3.2
12.1 - 1400 26 506 21 5.1 19 4.7
14.1 - 1600 19 4.1 15 3.7 14 3.4
16.1 - 18.0 15 302 15 3.7 12 2.9
18.1 - 20.0 21 4.5 20 4.9 20 4.9
20.1 - 22.0 30 6.5 25 6.1 27 6.6
22.1 - 24.0 35 7.6 32 7.8 35 8.6
24.1 - 26.0 67 14.5 59 14.5 59 14.5
26.1 - 28.0 61 13.2 45 Il.0 40 9.g
28.1 - 30.0' 44 9.5 28 6.9 34 8.4
30.1 - 3200 29 6.3 31 7.6 2g 6.9
32.1 - 34.0 24 5.2 23 5.6 25 6.2
34.1 - 36.0 15 3.2 17 4.2 15 3.7
36.1 - 38.0 13 2.g 12 2.9 6 1.5
38.1 - 4000 0 0 6 105 10 2.5
Total: 463 100.0 408 100.0 407 100.0
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TABLE VII

~ŒAN VALUES OF TEMPERATURE AT TWO-HOURLY
INTERVALS FROM 0800 TO 2000 AT THREE LEVELS

Hour May (11 days ) June
3ft. 13ft. 23ft-. 3ft. 13ft. 23ft.

0800 17.6 9.3 9 0 J 16.2 15.9 15.4
1000 19.3 10.7 11.1 17.6 18.2 18.2
1200 20.1 12.9 12.5 16 05 16.3 15.3
1400 16.4 13.4 12.7 16 0 6 15.9 14.9
1600 14.9 Il.5 18 03 18.1 17.4
1800 14 08 17 06 16.7 16.6
2000 13.0 11 04 11.1 14.6 14.5 14.5

Hour July August (9 days)
3ft. 13ft. 23ft o 3ft o 13ft. 23ft.

0800 27.3 2608 26.7 27.2 26.0 26.3
1000 28.1 28.1 2806 27.6 26.3 26.4
1200 28.0 28.4 28.7 27.8 27.3 27.1
1400 28.0 28.3 28.1 27.9 27.9 28.0
1600 28.1 28.2 28.4 27.9 28.1 28.0
1800 27.9 27.4 27.4 27.1 27.1 27.0
2000 26.8 27.5 27.6 26.8 26.8 27.1
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TABLE VIII

MEAN DAILY VALUES OF RELATIVE HUMIDITY AT THREE FEET

Date May JUne July August

l 92 100 100
2 lûù 100 97
3 q; 69 82
4 99 81 73
5 100 93 97
6 100 98 98
7 100 100 78
8 97 99 97
9 100 94

la 100 95
Il 100 100
12 100 94
13 86
14 100 91
15 100 100
16 100 100
17 100 76
18 100 68
19 100 99
20 100 100
21 96 100 100
22 99 98 100
23 91 100 99
24 100 77 99
25 56 58 100
26 54 56 100
27 87 75 100
28 72 96
29 100 94 100
30 100 100 100
31 100 99

Mean: 88 03 9305 9409 90 07
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TABLE IX

AVERAGE DAILY WIND SPEED ON THE ICECAP IN MPH

Date . May June Ju1y AUJ;Ust

1 7 00 7.5 10.9
2 1205 9.7 209
3 15.. 1 3.3 706
4 )06 6.9 6.g
5 7.1 4.2 9.2
6 4.5 701 7.3
7 509 9.7 4.4
g 4.g 3.4 702
9 20.0 10.1 13.1

10 1400 9.7
Il 13.9 1105
12 goO 701
13 30 00 1300
14 1101 1605
15 1600 16.7
16 1506 1600
17 120B 1209
lB 403 8.0
19 5.6 6.6
20 9 0 1 17.7
21 12.4 13.7 9.5
22 1401 500 6.1
23 2200 4.5 7.B
24 1004 404 10.1
25 706 2.0 3.9
26 601 2.4 607
27 1002 2.6 1206
2g 3000 404 5.0
29 2405 704 4.9
30 2004 Bog 4.9
31 1809 2.1
Mean: 16.1 ·· 903 B0.7 707
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TABLE X

MEAN DAILY PRESSURE AT CAMP Al

Date May June Ju1y August ·

1 23.01 23.12 22099

2 22.94 23.21 23.03
3 22 0 ~!. ~ 23.21 22.97
4 2Z.75 23.08 23.01
5 22073 22.95 23.01
6 22.66 22.93 22.87
7 22.57 22.95 22.76
$ 22.67 22.91 22.74
9 22.66 22~8$ 22.76

10 22.71 22.$4
Il 22.67 22.59 .
12 22.63 22.$1
13 22.67 23.12
14 22.39 23.06
15 22.46 22.$9
16 22.66 22.70
17 22.74 22.$6
1$ 22.73 22.91
19 22.74 22.$3
20 22.70 22.78
21 22.96 22.77 22.64
22 22.76 22.6$ 22.$0
23 22.76 22.$1 22.92
24 23.03 22.95 22.99
25 23.12 23.10 22.$7
26 23.03 23.11 22.73
27 22.$3 23.09 22.73
2$ -- 23.06 22.90
29 22.$2 23.01 22.97
30 22.85 22.99 22.93
31 22.99 22.98

Mean: 22.91 22.7$ 22.91 22.90

robo': 775.$ 771.4 775.$ 775.5
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TABLE XI

DURATION OF SUNSHINE

May June July August
Date Hours Total Hours Total Hours Total Hours Total

1 9.3 67.0 5.4 238.5 1.8 385.62 0 C:/l . 0 0.6 239.1 4.9 390.5
3 4.8 . 71.8 18.2 257.3 13.3 403.8
4 0 71.8 24.0 281.3 15.6 419.4
5 0.1 71.9 19.8 301.1 9.2 428.66 0.9 72.8 7.6 308.7 5.3 433.9
7 0 72.8 0 308.7 Il.9 445.88 12.1 84.9 0 308.7 9.6 455.4
9 0 84.9 1.7 310.4 Il.7 467.110 0.2 85.1 7.9 318.3

Il 2.9 88.0 2.2 320.5
12 10.0 98.0 12.6 333.1
13 0 98.0· 17.4 350.5
14 0 98.0 4.4 354.9
15 0 98.0 0 354.9
16 6.4 104.4 0 354.9
17 0.4 104.8 9.7 364.6
18 0 104.8 5.8 370.4
19 3.0 107.8 0 370.4
20 0.5 108.3 0 370.4
21 0.7 0.7 0 108.3 0 370.4
22 2.0 2.7 7.3 115.6 2.3 372.7
23 0 2.7 0 115.6 0 372.7
24 0 2.7 18.1 133.7 2.0 374.7
25 16.1 18.8 18.3 152.0 0.6 375.3
26 18.8 37.6 18.2 170.2 0 375.3
27 15.6 53.2 23.8 194.0 1.3 376.6
28 1.3 54.5 23.6 217.6 6.2 382.8
29 1.3 55.8 15.5 233.1 0 382.8
30 1.9 57.7 0 233.1 1.0 383.8
31 0 57.7 0 383.8
Total:57.7 175.4 150.7 83.3

Total for period: 467.1
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TABLE XII

DAILY INCOMING RADIATION IN ca1/cm2

Date May June Ju1y August
1 844- 730 576
2 626 664 555
3 7J 2 792 679
4 595 843 632
5 601 911 594
6 648 792 527
7 647 662 576
8 737 623 649
9 687 580

la 699 621
11 704 627
12 738 '756
-13 823 --
14 697 544
15 673 522
16 822 677
17 675 767
18 664 603
19 654 540
20 719 384
21 479 663 501
22 623 842
23 603 723 477
24 504 877 406
25 845 761 409
26 (78 738 335
27 767 812 498
28 776 828 586
29 616 -- 386
)0 661 438
31 678 457
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TABLE XIII

SNOW DEPTH IN INCHES

May June July .August
Date Snow L055 Snow LOS5 Snow Loss Snow L05S

Depth Depth Depth Depth

1 54 7/à -1 7/à 59 7/à 000 55 l/S ~ 2/à
2 56 6/8 1 Ils 59 7~8 2/S 55 3~à 1/à
3 55 5/8 - 4/à 59 5 à 3/à 55 2 à 3/à
4 56 1 s

4/à
59 2/s Ils 54 7~S 2/à

5 - 59 Ils 2/à 54 5 s 3/à
6 4/à 5à 7/à 000 54 2/s 5/g
7 57 l/S - 4/s 5s 7/s - 2/S 53 5~S 000
s 57 5/$ 59 1/$ 000 53 5 $ ~ l/à
9 -- 6/$ 59 11$ - 2/$ 53 61$ -2 21$

la 56 7/$ .,. 6/à 59 3~à -2 71$ 56
Il 57 5~$ 71$ 62 2 à 1 4/à
12 5$ 4 $ 60 61$ 1 1/$
13 -- 5/S 59 5~$ 6/s
14 57 7/.S -3 31$ 5$ 7 $ 1 51$
15 61 2 $ 1 57 21$ -1 7/.S
16 60 2/$ 2 7/$ 59 1/$ 1/à
17 57 3~$ - 4/$ 59 000

là 57 7 $ -1 6/g 59 - 2/S
19 59 5~$ l 3/.$ 59 2/$ 2 4/$
20 5$ 2 à - 3!$ 56 6!$ -2 4!$
21 53 7/$ 1/$ 5S 51$ -2 4/$ 59 2!à - 2!$
22 53 61$ 61 l!$ 000 59 4/à 4/$
23 -- - 3/$ 61 1!$ 2/$ 59 l!B
24 54 1/$ 60 71$ 000 5$ 71$ 2 3!$
25

3/$
60 7/s 2/à 56 4/s 1 7/à

26 60 5/s 4/à 54 5~S -2 2/à
27 60 Ils 5!à 56 7 S ~ 6!à
2à 59 4~$ 2/à 57 5~à 1 2/.à
29 53 6/à 2/à 59 2 $ - 5/g 56 3 à - 1/.8
30 53 4~$ l/.$ 59 7/à 000 56 4/s 5/à
31 53 3 à -1 4/$ 55 7/à 6/à



BIBLIOGRAPHY



- 228 -

Abels, H., "Beobachtungen der tHglichen Periode der Temperatur
im Schnee und Bestimmung des WHrmeleitverm8gens des Schnees
aIs Funktion der Dichte," Rep. Meteor. Petersburg, Bd. 16,
No. l, 1892.

Ahlmann, H. W:son and A. Tveten, "The Recrystallization of Snow
into Firn and the Glaciation of the latter," Geografiska
Annaler, Vol. 5, Ht. l, 1923. Pp. 52-58. '

Ahlmann, Ho W:son, H. Uo Sverdrup and H. 01sson, "Scientific
Results of the Norwegian-Swedish Spitsbergen Expedition in
1934, Parts I-VIII,ft Geografiska Annaler, Vol. 17, Ht. 1-2
& 3-4, 19350 Pp. 29-88 and 145-217, and Vol. 18, Ht. 1 &
3-4, 1936. Pp. 34-73 and 225-430

Ahlmann, H. W:son and S. Thorarinsson, "Scientific Results of
the Swedish-Icelandic Investigations 1936-37-38, Part V:
Ablation," Geografiska Annaler, Vol. 20, Ht. 3-4, 1938.
Pp. 171-2330

, "The Vatnaj8kull Glacier. Preliminary Report on the
--~~~~o-r~k .of the Swedish-Icelandic Investigations, 1936-1937,"

The Geographical Review, Vol. 28, No. 3, 1938 0 Pp. 412-38.

AhlmanD, H. W:son and B. E. Eriksson, ~Revet Station and the
Froya Glacier - North East .G~eenLarti- in 1939-40," Geogra
fiska Annaler, Vol. 28, Ht. 3-4, 1946. Pp. 227-57.

Ahlmann, H. W:son, H. F. Johansson and E. Woxnerud, ftScientific
Investigations in the KebnekajseMassif, Swedish Lappland,
Parts I ..IV," Geografiska Annaler, Vol. 33, Ht. 1-2 & 3...4,
1951. Pp. 90-143.

Ahlmann, H. W:son, "Glaciers in Jotunheim and their Physiographyr
Geografiska Annaler, Vol. 4, Ht. l, 1922. Pp. 1-57.

, "Scd errt i t'Lc Results of the Swedish-Norwegian Arctie
----Ex...-pedition in the Summer of 1931: Part 8: Glaeiology, ft .

Geografiska Annaler, Vol. 15, Ht. 2-3, 1933. Pp. 161-216.

--,r:o.... ' "MeLt Lng Proeess during the Ablation · Period, ft Geogra
fiskaAnnaler, Vol. 15, Ht. 2-3, -1933 . Pp. 201-06.

-----,n-.' "Present Glaciation round the Norwegian Sea," Geogra
fiska Annaler, Vol. 15, Ht. 4, 1933. Pp. 312-48.

___~, "Contribution to the Physics of Glaciers," The Geo
graphical Journal, Vol. 86, No. 2, 1935. Pp. 97-113.

, "The Stratification of the Snow and Firn on Isachsen's
----P~l~ateau," Geografiska Annaler, Vol. 17, Ht. 1-2, 1935. Pp.

29-42.



- 229 -

Ahlmann, Ho W:son, "Ablation Measurements at the Readquarters
on Isachsen's Plateau," Géografiska Annaler, Vol. 17, Rt.
1-2, 1935. Pp. 43-52.

. ,"The Fourteenth of July Glacier," Geografiska Annaler,
VoIo ·l?, Ht. 3-4, 1935. Pp. 167-218~ · ·

____~-, "The Relative Influence of Precipitation and Tempera
ture on Glacier Regime~"GeografiskàAnnaler, Vol. 22, Ht.
3-4, 1940. Pp. 188-205.

, "Accumulation and Ab1ationon the Fr8ya Glacier, its
---=R:-"e-gime in 1938-39 and 1939-40, ft Geografiska Anna1er, Vol.

24, Hto 1-2, 1942. Pp. 1-22.

--":':"T-' "G1aciological Methods,t'. The Polar Record, Vol. 4, No.
31, 1946. Pp. 315-19. . ....

, "Researches on Snow and Ice, 1918-40," The Geographical
---J~0-urna1, Vol. 107, 1946. Pp. 11-28.

"____~~, "The Froya Glacier in 1939-40," GeografiskaAnnaler,
Vol. 28, Ht. 3-4, 1946. Pp. 239-57.

___=-_, "Den nutidiga klimatf1uktuationen och dess utforskande,"
Norsk Geografisk Tidsskrift, Bd. Il, Nos. 3-4, 1947. Pp.
290-326.

, "G1aciological Research on the North Atlantic Coasts,"
----R:-"o-Go S. Research Series, No. l, 1948. 83 pp.

, "The Contribution of Polar Expeditions ta the Science
----o~f:-"Glaciology,"The Polar Record, Vol o 5, Nos. 37-38, 1949.

Pp. 324-31 0

, "Glacier Variations and Climatic Fluctuations," Bowman
--'ll7M-e-morial Lectures, Series 3, Ao Go Soc., New York, 1953.

51 pp.

AngstrSm, A., nA study of the radiation of the atmosphere,"
Smithsonian Misc. Coll., Vol. 65, No. 1, Washington, 1915.

, "Uber die Gegenstrah1ung der AtmosphHre,t! .Met. Zeit
---s-c"-hrift, Bd. 33, No. 12, Braunschweig, 1916.

______ , "On the radiation and temperature of snow and the con
vection of the air at its surface," Ark. f. mat., astre och
fys., Vol. 13, No. 21, Stockholm, 1918.

_____, "The Radiation Problems and their Geophysical Conse
quences,wGeografiska Annaler, Vol. 2, ue , 2,1920 0 Pp• .
169-70 0



- 230 -

Angstr8m, A., "On Radiation and Climate,,"_Geografiska Annaler,
Vol. 7, Ht. 1-2, 1925. Pp. 122-42.

__,...-_, "The Albedo of various Surfaces of Ground," Geografiska
Annaler, Vol. 7, Ht. 4, 1925. Pp. 323-42.

____~-, ~On the total Radiationfrom Sun and Sky at Sveanor,"
Geografiska Anrtaler, Vol. 15, Ht. 2-3, 1933. Pp. 151-60.

__~.,.' "On the Dependence of Ablation on Air Temperature, ' 
Radiation and \Ilind," Geografiska Annaler, Vol. 15, Ht. 4,
1933. Pp. 264-71.

___......-._, "Actinometrie Measurements," Compendium of Meteorology,
Ameriean Met. Soc., Boston, 1951. Pp. 50-57. i

Baird, P. D. and others, "PreliminaryReport~Baffin Island
Expedition, 1950," Aretie, Vol. 3, No. 3, 1950. Pp. 131-49.

Baird, P. D., UMethod of 'Nourishment of the Barnes Iee CAp," .
The Journal of Glaeiology, Vol. 2, No. Il, 1952. Pp. 2-9.

Baird, P. D., W. H. Ward and S. Orvig, uThe Glaeiologieal Studies
of the Baffin Island Expedition, 1950, Parts 1 &2," The
Journal of Glaeiology, Vol. 2, No. Il, 1952. Pp. 2-2~

Baird, p. D. and others, "Baffin Island Expedition, 1953: A Pre
1iminary Field Report," Aretie, Vol. 6, No. 4, 1953. Pp.
227-51.

Baird, P. D., nCumberland Peninsula of Baffin Island," Canadian
Geographical Journal,·Vol. 48, No. 3, March, 1954. Pp. 88-97.

Baur, F., "Das Klima der bisher erforschten Teile der Arktis,"
Arktis, Bd. 2, Ht. 3-4, 1929. Pp. 77-89, 110-20.

Belknap, R. L., "The Michigan-Pan American Airways Greenland
Expedition: Preliminary Resu1ts," Geographical Rewiew, Vol.
24, No. 2, 1934. Pp. 205-18.

__~_, "Meteorological Report of the University of Michigan
Pan American Airways Greenland Expedition,tt -University of '
Michigan Studiés t Scientifie Series, Vol. 6, Part 2, 1941.
Pp. 191-95.

Blake, W., "Studies of the Grinnel1 Glacier, Baffin Island,"
Arctic, Vol. p, No. 2, 1953. P. 167.

"British Expedition ta North Baffin Island, 1938-39," The Polar
Record, Vol. 3, No. 19,1940. P•. 226~

Carles~ L.-M., "Climatologie de l'inlandsis Groenlandais," La
Presse Thermale et Climatique, No. 3-4, 1953. 14 pp.



- 231 -

Church, J. E., "Evaporation at high altitudes and ' l at i t udes , "
Trans. Am. Geophys. Union4 15th Annual Meeting, Washington,
1934.

, "Meteorological Studies: Climate and Evaporation in
----~A~l-pine and Arctic Zones," Re orts of the Greenland Ex edi-

tion of the Universi ty of_ ~~ichigan. art II, p.
7-45.

Conrad, V., "Radiation and Cloudiness,'~ Trans. Am. GeOih. Union 8
25th Annual Meeting. Reports and Papers~ Part 3, 944.

Contributions to our Knowledge of the Meteorologr of the Arctic
Regions. Published by the Authority of the Meteorologicai
Council. Parts l to IV. London, 1879-85.

Demorest, M., "Greenland~s Glacial Anticyclone: A Review," Am.
Journal of Science, No. 239, 1941. Pp. 771-78.

Devaux, J., "L'economie radio-termique des champs de neige et
des glaciers," Ann.Physique, Vol. 208 No. 2, 1933.

Devik, O., "Ein Registrierinstrument 'Zur Messung der Ablation,"
Det Krl. Norske Videnskabers Selsk. Forhandlinger, Bd. 2,
No. 3 , 1929.

Die Internationale Polarforschung 1882-1883, Die Beobachtuhgs
Ergebnisse der Deutschen Stationen, Bd. 1: Kingua Fjord,
Berlin, 1886.

Dorsey, H. G., "Sorne rvieteorological Aspects of the Greenland Ice
Cap," Journal of Meteorology, Vol. 2, No. 3, 1945. Pp. 135
42 0

, Meteorological Characteristics of Northern Arctic
---TAm--erica, thesis submitted for the degree of MoSco, Massa

chusetts Institute of Technology, 1949. 71 pp.

___~_, "Arctic Meteorology,~ Compendium of Meteorology. Bos
ton: The Am. Met. Soc., 1951. Pp. 942-51.

New York:

Drygalski, E. v. and F. Machatschek, Gletscherkunde. Wien:
Franz Deutiche, 1942. 261 pp.

Eriksson, B. E. "Scientific Results of the Swedish-Norwegian
Arctic Expedition in the Summer of 1931, Part VI: Clima
tology and Meteorology," Geografiska Annaler, Vol. 15, Rt.
2-3, 1933. Pp. 117-50.



r-------------------------------------

- 232 -

Eriksson, Bo Eo, "Meteorological Records and the Ablation on the
Fr8ya Glacier in Relation to Radiation and Meteorological
Conditions," Geografiska Annaler, Volo 24, Hto 1-2, 1942.
Pp. 23-50.

» "Till kHnnedomen om den nutidiga KlimatHndringen inom
----o-m-raadena kring nordligaste Atlanten," Geografiska Annaler,

Volo 25, Ht o 3-4, 1943, Ppo 170-201.

____~, "Meteorological Ooservations at Revèt 1939-40," Geo
grafiska Annaler, Volo 28, Ht o 3-4, 1946. Ppo 229-38.

Etienne, E., "Expeditionsbericht der Gr8niand-Expedition der
UniversitHt Oxford-1938," VerBffentl~ des GeoJ?hxso Inst. der
UniversitHt Leipzig, Bdo 13, Leipzig, 1940 0

, "Expedition en Terre Adelie, 1950-52," Rapports Pre~
---~l~i-minairest 20, Serie Scientifique, Missions Paul-Emile

Victor, Paris, 1953.

Field, Wo O. and Mo Mo Miller, "The Juneau Ice Field Research
Project," The Geographical Review, Volo 40, No o 2, 1950.
Pp. 179-90.

Flint, Ro Fo, Glacial Geology and the Pleistocene Epoch. New
York: John Wi1ey & Sons, Inc., 1947. 589 ppo

Franssila, M., UA Net Radiation-Instrument with Constant Venti
lation," Geophysica, Volo 4, No o 3, Helsinki, 19530 Ppo
131-34.

Freuchen, Po, "Report of the first Thule ~pedition 1912. Met
eorologica1 Observations," Medd o om Gronland, Volo 51, No.
13, Copenhagen, 1915.

Fristrup, Bo, "Meteorology and Glaciology. A Preliminary Account
of the Danish Pearyland Expedition, 1948-49,~ Arctic, Vol. 3,
No. l, 1950. Ppo 9-12.

---"10:""'-' "Peary Land," Naturen,sVerden, Volo 35, Noso 1-2, 1951.
Pp. 19-33.

, "Climate and Glaciology of Peary Land, North Greenland,".
--"'ll'A-s-semblee Generale de Bruxelles" U.G.GoT., 1951,' Tome r ,

'îlouvain, 1952. Pp. 185-93.



- 233 -

Fristrup, B., "Danish Expedition to Peary Land, 1947-1950," The
Geographical Review, Vol. 42, No. l, 1952. Pp. 87-97. ---

Geiger, R., The Climate Near the Ground. Cambridge: Harvard
University Press, 1950. 482 pp.

Georgi, J., "Deutsche Inlandeisexpedition nach GrSnland unter
Leitung von A. Wegener Jommer 1929. VorlHùfige Berichte,
Meteorologische Ergebnisse," Zeitschrift d. Ges. f. Erdkunde
z. Berlin, 1930.

____, "Deutsche Grgnlandexpedition Alfred Wegener. Die Met
eorologischen Arbeiten der Station Eismitte," Zeitschrift d.
Ges. f. Erdkunde z. Berlin, 1932. .

__~_, "Die Eismittestation," Wiss .. Ergebnisse d. Deut. Gr~n
landexp~ Alfred Wegener, Abt. IV, Le1pzig, 1935.

Gier, J. T. and Ro Vo Dunkle, "Total hemispherical radiometers,"
Transact. Amero Inst. Electro Engin., Vol. 70, 1951. 5 pp.

Gilkey, A. K. and others, Progress Report, Juneau Icé Field Re
search Project, Alaska, 1952. New York: Am o Geogr. Soc.,
1953.

Glen, A. R., "The Oxford University Arctic Expedition to North
East Land, 1935-36," The Geographical Journal, Vol. 90, 1937.
Pp. 289-314.

____~~, "The Glaciology of North East Land," Geografiska Annaler,
Vol~ 21, Ht. l, 19390 Pp. 1-38. .

__......_, "The West Ice of North East Land," The üeographical
Journal, Vol. 98, 1941. Ppo 65-76 and 135-46.

li

Gold, L. \'1., "Snow and Ice Research on the North American Conti
nent," The Journal of Glaciologl, Vol. 2, No. 14, 1953. Pp.
292-94.

Goldthwait, Ro P., tfDevelopment of End Moraines in East-Central
Baffin Island,~ The Journal of Geology, Vol. 59, No. 6, 1951.
Pp. 567-77. .

Greenaway, K. R., "My Experiences with Arctic Flying Weather,"
Royal Met. Soc., Canadian Branch, Publications, Vol. l, No o
9, Toronto, 1950. 12 pp.

____~~, Arctic Air Navigation. Canada: Defence Research Board,
1951. 138 ppo

Hamberg, A., "Zur Technik der Gletscheruntersuchungen," Comptes
Rendus IX Congres geol. internat. de Vienne 1901. Wien, 1904.



- 234 -

Hamberg A., "Anleitung zur Messung der periodischen Gr8ssen
verànderungen der Gletscher," Geografiska Annaler, Vol. 12,
Ht. 2-3, 19300 Pp. 125-29.

Hann, Jo, Handbuch der Klima~ologie, Vol. 3, Stuttgart, 1911.

Hare, F. K., The Climate of the Eastern Canadian Arctic and Sub
Arcttc and its Influence on Accessibility, thesis 'presented
for the oegree of Ph.D~, LiUniversite de Montreal, 1950.
2 vols. '440 pp.

, "Recent Investigations into the Distribution of Snow
--a-n-a""- Ice in Eastern Canada, If Assemblee ' Generale de Bruxelles,

U.oG.G.I~~ 1951, Tome I, Louvain, 1952. Pp. 167-71.

Haurwitz, B~, "Insolation in Relation to Cloudinessand Cloud '
Density," Journal of Meteorology, Vol. 2, No. 3, 1945. Pp.
154-66.

Henry, T. J. Go and Go Ro Armstrong, AerologicalData for North
ern Canada o Toronto: Department of Transport, 1949. 271 pp.

Heusser, C. J., "Radiocàrbon Dating of the 'Thermal Maximum in
South€asternAlaska," Ecology, Vol. 34, No. 3, 19530 Pp.
637-40. .

Hobbs, W. H., "Characteristicsof the Inland-Ice of the Arctic
Regions," Proc. Amer. phil. Soc., Vol. 49, 1910. Pp. 57-129.

, "Reports of the Greenland Expeditions of the University
-----o~f~Michigan, 1926-33," University of Michigan Studies,

Scientific Series, Vol. 5, Parts 1 &2.

_____-, "Nourishment of thè 'Greenland'Continental Gla,cièr,"
Journal of GeologY, Vol. 52, No. 2, 1944~ Pp. 73-96.

, "The Greenland Glaci~l Anticyclone," Journal of Meteor
----o~l-ogy, Vol. 2, No. 3, 1945. Pp. 143-53.

, "The Climate of the Arctic as Viewed by the Explorer
-----a-n-a the Meteorologist," Science, Vol. lOS, 1945. Pp. 193-20L

Hoeck, E., ~Der Einfluss der Strahlung und"der Temperatur auf den
Schmel~prozess der Schneedecke," Beitrage zurGeologie der '
Schweiz, Hydrologie, Lieferung S, Bern, 1952. 36 pp.

Hoinkes, Ho and No Untersteiner, ttwRrmeumsatz und Ablation auf
Alpengletschern," Geografiska Annaler, Vol. 34, Ht. 1-2,
1952. Pp. 99-15S.



- 235 -

o "Ho~nkes, H., "Warmeumsatz und Ablation auf Alpengletschern, II,"
Geografiska Annaler, Vol. 35, Ht. 2, 1953. Pp. 116-140.

Holzapp'el R., and G. Kirsch, "Uber die Oberflgchenwellender
gr8nlAndischen Inlandeises," Met. Zeitschrift, Bd. 51, 1934.

Holzappe1, R., "Die Westst~tion und die Station Umanak," Iviss.
Ergebnisse d. Deut. Gronlandexp. Alfred Wegener, Abt.-rv;
Leipzig, 1935.

Hubley, R. C., "Preliminary Report on Meteorological and Glacio~

logica1 Studies on Lemon Creek Glacier," Progress Report,
Juneau Ice Field Research Pro °ect Alaska 195. American
Geographica ociety, 1 53. p. - 10

Hughes, T. Po and Go
ment and,Density
Ivlonthl Notices
Supplo, Vol. 4,

epartment

Johnsson, o. H., "Termisk-hydrologiska' studier i sjgn"Klgmmin
gen," Geografiska Annaler, Volo 28, Ht. 1-2, 1946 0 Ppo 1
154.

Kalitin, No N., "Die Radiationseigenschaften des Schnees und des
Eises," IV Conf. Hydra 0 des Etats Baltiques, Leningrad, 19330

Kimball, Ho H., "Solar Radiation and Its Role," Physics of th~

Earth--III: MeteoroloîY' Chapter 3. Washington: The National
Research Counci1, 193. Ppo 35...660

Klebelsberg, Ro V., Handbuch der Glétscherkundeund Glazial
geologie o Wien: Springer Ver1ag, 1948. 2 volso 1028 pp.

Koch,,,J o Po and A. Wegener, "Wissenschaftliche Ergebnisse der"
Danischen Expedition nacij Dronning Louises-Land und quer uber
das Inlandeis von Nor-dgr-ôn.l.and 1912-13 unter Leitung von
Hauptmann Jo P. Koch," Medd. om Gr8nland, Vol. 75, Parts 1
and 2, Copenhagen, 1930 0 404 and 272 pp.

Kopp, W., "Die Oststation," Wiss. Ergebnisse do Deuto Gr8nlandexp.
Alfred Wegener, Abt o IV, Leipzig, 1935.

Lauscher, Fo, "Dampfdruck und Ausstrahlung in einem Gebirgsland,tt
Gerl. Beitr. z. Geoph., Bd. 51, Leipzig, 19370

Lawrence, Do Bo, tfGlacier Fluctuations for Six Centuries in South
eastern Alaska and Its Relation to Solar Activity," The Geo
graphical Review, Vol o 40, No o 2, 1950 0 Pp. 191-22].



~. 236 =

Lawrence, D. B., IfGlacier Fluctuations in northwestern North
America within the past six Centuries," Assemblee Generale
de Bruxelles, UoGoG.I., 1951, Tome r , Louvain;"1952. Pp.~
161-66.

Lawrence, Do Bo and J. A. Elson, nperiodicity of Deglaciation
in North America since thp -I a t e \Visconsin Maximum, If Geogra
fiska Annaler, Vol. 35 1 Rt. 2, 19530 Pp. 83-104.

Lindsay, Mo, "The British Trans~Greenland Expedition, 1934,"-The
Geograïhical Journal, Vol. 85, No o 5,1935. Pp. 393-411,
and Vo 0 86, No o 3, 1935.Ppo 235-51.

Linke, Fo, Meteorologisches Taschenbuch 110 Leipzig: Ak. Verlags
gesellschaft, 1939.

Loewe, F., "Deutsche Grgnlandexpedition Alfred Wegener. Absch
melz- und Zuwachsmessungen," Zeitschrift d. Ges. f. Erdkunde
zo Berlin, 1932.

, "Die Bedeutung des Schneefegens fllr den 1v1assenhaushalt
-----v-o-n Inlandeisen," Met o Zeitschrift, 19330

,"Das Klima des Gr8nlHndischen Inlandeises," Part 3 of
----~K~l~ima des Kanadischen Archipels und Gr8nlands, Bd. 2, Teil K

of Handbuchder Klimatologie, Berlin: Verlag von GebrBder
Borntraeger, 1935oPpo 67=I01.

____=-_, "Glaciological Work in Terre Adelie in 1951: ' Pr el i mi nar y
Report," The Journal of Glaciology, Vol. 2, No. 14, 1953. Pp.
248-49.

Lysgaard, L., ftRecent Climatic Fluctuations," Folia Geographica
Danica, Tome 5, Copenhagen, 1949.

» "On the Present Climatic Variation," Centenary Pr6ceed
---....,...i-n-gs of the Royal Met. Soc., London, 1950 0 __Pp. _206- 11 .

fl.1almgren, F., "Studies of Humidi ty and Hoar-Frost over the Arctic
Ocean," Geofysiske Publikasjoner, Vol. 4, No. 6, Oslo, 1926.
20 pp.

Matthes, F. E., "Ablation of snow fields athigh altitude by
radiant solar heat," Trans o Am. Geophys.Union, 15th Annual
Meeting, Washington, 1934.

__~_, "The Glacial Anticyclone Theory Examined in the Light of
Recent Meteorological Data from Greenland," Transactions
American Geophysical Union, Vol. 27, 1946. Pp. 324-41.

____=_, ""Glaciological Studies," The Geographical Review, Vol.
37, 1947. Pp. 154-56.



= 237 ~

Matthes~ Fo Ee and Ao Do Belmont~ "The Glacial Anticyclone Theory
Examined in the Light of Recent Meteorological Dnta from
Greenland = Part 2,tf Transactions American Geophysical Union»
Volo ·31 i April, 1950. Ppo 174-82 0

Ivlaurstad ~ Ao, "Die Meteorologischen Beobachtungen wHhrend Arne
H8ygaard und Martin Mehrpr;~s Durchquerung von 'Gr8nland 1931~"
Geofysiske Publikasjcner, Velo 9~ No. la, Oslo~ 1932 0 Il ppo

, . '

Mereer, Jo Ho, The Physiography and Glaeiology of Southernmost
Baffin Island~ thesis presented for the degree of Ph.D. ,
MeGifl Univer~~ty, 19540 150 pp.

~ieteorolo9Y of the Canadian Aretic. Toronto~ Meteorological
Divisl0n~ Department of Transport, 19440 85 ppe .

Middleton~ Wo Eo Ko and Ao Fo Spilhaus, Meteorological Instru
ments. Toronto~ University Press, 19530 286 ppe

Miller, Me MOi "1951 \'linter Season," Juneau Ice Field Research
Project, Report No o 8, December~ 19530 65 ppo

Mirrlees, SO To Ao , ftMeteorological results of thé British Aretic
Air-Route Expedition 1930-31," Met o Office Geophysical Mem.,
Volo 7, Noo bl,London, 19340

Mohn, He and Fo Nansen, WWissenschaftliche Ergebnisse von Dre F~

Nansenis Durchquerung von Gr8nland 1888," Peterm o Mitt.,
Ergo-Heft 105, Gotha, 1892 0

Mosby, Ho~ "Sunshine and Radiation," The Norwegian North Polar
Expedition with the "Maud" 1918-250 Scientific Results, Vol.
lai No. 7, Bergen i 1932 0

Moss, Ro, "The Physics of an lee-cap," The Geographical Journal,
Volo 92 i 19380 Ppo 211-27.

Mgrikofer, Wo and Co Thams, "Erfahrungen mit dem Bimetallaktino
graphen Fuess-Robitzsch," Meteorologische Zeitschrift, Bd.
54, 19370 Ppo 360-71 0

Nielsen, L• .Eo and Ao S. Post, "The Castner Glacier Region,
Alaska," The Journal of G1aciology, Volo 2, No. 14, 1953.
Pp. 277-80.

Nyberg, A., "Temperature Measurements in an Air Layer very close
ta a Snow Surface," Geografiska Annaler, Volo 20, Ht , 3-4,
1938. Pp. 234-750

Odell, No Eo, "The Glaciers and Morphology of the Frans Josef
Fjord Region of North-east Greenland," The Geographical Jour
nal, Vol. 90 i 19370 Pp. 111-25 and 233-580



- 238 -

Olsson, H., "Sunshine and Radiation, Mount NordenskiBld, Spits
bergen," Geografiska Annaler, Vol. 18, Ht. l, 1936. Pp. 94
118.

--""lIM'"-' "Radiation Measurements on ' Isachsen's Plateau," Geogra
fiska Annaler, Vol. 18, Ht. 3-4, 1936. Pp. 225-43.

Orvig, S., The Climate of the Ablation Period on the Barnes Ice
Cap in 1950, thesis prescnted for the degree of M.Sc., McGill
University, 1951. 17ô pp.

___=-_, "The Climate of the Ablation Period on the Barnes Ice
Cap in 1950," Geografiska Annaler, Vol. 33, Ht. 3-4, 1951.
Pp. 166-209.

, "Meteorology - Ice cap station," Arctic, Vol. 6, No. 4,
----1~9~'3. Ppo 237-38 0 .

Pearce, Do Co, "A Bibliography on Snow and Ice," National Research
Council

l
Division of Building Research, Bibliography, No. I,

1951. 9 pp.

Petterssen, S., "Changes in the General CircUlation Associated
with the Recent Climatic Variation," Geografiska Annaler, Vol.
31, Ht. 1-4, 1949. Pp. 212-21.

__--:-_, "Sorne Aspects of the general circulation of the atmos
phere," Centenary Proceedings of the Royal Met. Soc., London,
1950. Pp. 120-55.

Pewe, T. L. and others, "Multiple Glaciation in Alaska, A Progress
Report," Geologi~al Survey Circular, No: 289, Washington, 1953.
13 pp.

Phillips, H., "Zur Theorie der Warmestrahlung in Bodennahe," Gerl.
Beitr. z. Geoph., Bd. 56, Leipzig, 1940.

Pooler, F., "Brief Discussion of sorne theoretical Aspects and Re
commendations for future Meteorological Studies," Juneau Ice
Field Research Project, Report No. 6, 1952. Pp. 95-99.

Proceedings of the Second Glaciological Conference, under the
Auspices of The Arctic Institute of North America, The Ameri
can Geographical Society, and The Research Committee on Glac
iers. New York: 1951. 46 pp.

"Prohaska, F. and C. Thams, "Neue Untersuchungen uber die Strah-
lungseigenschaften der Schneedecke, Y'Helv. Phys • Acta., Bd.
13, Basel, 1940.

Quervain, At" de. and P. Mercanton, "Ergebni sse dei! Schwei zeris
chen Gr~nlandexpedition 19l2-l3,~ Medd. om Gronland, Vol. 59,
No. 5, Copenhagen, 1925.



- 239 -

Quervain, M. R. de, "Snow and Ice Problems in Canada and the
U.S.A.," Nat. Res. Council of Canada, Technical Report, No.
5, Ottawa, 1950. 70 pp.

. "____~-, "Zur Verdunstung der Schneedecke," Archiv fur Meteor-
ologie, Geophysik und Bioklimatologie, "Ser i e B, Bd. 3, 1951.
Pp. 47-64.

Rae, R. W., Climate of the Canadian Arctic Archipelago. Toronto:
Department of Transport, 1951. 90 pp.

Reuter, Ho, "Uber diff Theorie des Wllrmehaushaltes einer Schnee
decke," Archiv fur Meteorolo ie Geo h sik und Bioklimatolo-
gJe, Serie ,Bd o l, Rt. ien, Pp. - 2.

, "Zur Theorie des Wllrmehaushaltes strahlungsdurchl~ssiger
--....M-e.....dien," Tellus, Vol. L, No. 6, 1949. Pp. 6-14.

Review of the Properties of Snow and Lce , SIPRE Report ', No. 4,
University of Minnesota, JuIy, 1951. ' 156 pp.

Richter, G. D., "Snow Co~er, Its Formation and Properties," Aca- .
derny of Science, UoS.SoR., Popular Science Seriesj Publishing
House of the Academy of Science, U.S.S.Ro, Moscow, 1945. 112
pp. (Translation) .

Robin, G., "Queen Maud Land: The Scientific Results of the Inter
national 'Expedition,tf The Geographical Magazine, Vol. 25, No.
6, 1952. Pp. 283-93.

Rogstad, O., tfAvsmeltningen paa Jostedalsbreen i forhold til
lufttemperaturen," Norsk Geografisk Tidsskrift, Bd. 13, Nos.
1-2, 1951. Pp. 10-16.

Roy, S. K., "The Grinnell lee-Cap," Geol. Sere Field Museum of
Natural History, Vol. 7, No. 1, 1937. Pp. 1-19.

----.n--, "Additional Notes on the Grinnell Ice-Cap," Geol. Set.
Field Museum of Natural History, Vol. 7, No. 4, 1938. Pp.
59-69. '

R8thlisberger, H., "Seismic Sounding," Arctic, Vol. 6, No. 4,
1953. Pp. 234-37.

Sandford, K. S., "The Glacial Conditions and Quaternary 'History
of North East Land," The Geographical Journal, Vol. 74, 1929.
Pp. 451-70 and 543-52.

Sauberer! F. and I. Dirmhirn, "Untersuchungen Uber die Strahlungs
. verhaltnisse auf den Alpengletschern, 't Archi v fnr Meteorolo~ie1

Geophysik und Bioklimatologie, Serie E, Bd. 3, 1951. Pp. 2 6
69.



- 240 -

Sauberer, F. and I. Dirmhirn, "Der Strahlungshaushalt horizon
taler GletscherflHchen auf dem hohen Sonnblick," Geografiska
Annaler, Vol. 34, Rt. 3-4, 1952. Pp. 261-90. .

Scherhag, R., "Die Erwarmung der Arktis," Journal Conseil Perman
ent International pour l'Exploration de la Mer, Vol. 12,
1937. Pp. 263-76.

Schumacher, No J., "The Maudlleim expedition, 1949-52. Parts l
and II," Weather, Vol. 7, No. 10, 1952. -Pp. 314-19. Vol. 7,
No. Il, 1952. Pp. 327-34.

Schytt, V., "Glaciologiska arbeten iKebnekajse," Ymer, Vol. 67,
Ht. l, 1947. Pp. 18-42. ----

, "Refreezing of the Melt-water -on the Surface of Glacier
----·r-c-e," Geografiska Annaler, Vol. 31, Ht. 1-4, 1949. Pp. 222

28.

____~~, "Die norwegisch-britisch-schwedische Antarktisexpedition
1949 bis 1952," Die Erde, Ht. 3-4, 1953. Pp. 179-94.

, "Glaciology in Queen Maud Land: Workof tne Norwegian
----~B~r~itish-SwedishAntarctic Expedition,~-The Geographical Re
~, Vol. 44, No. l, 1954. _Pp . 70-87.

Sharpo R. P., "Glacial-Meteorological Investigations in Swedish
Lappland: Review Article," Arctic, Vol. 3, No. 2, 1950. Pp.
113-16.

__........_, "Accumulation and Ablation on the S'eward-Malas·pina
Glacier System, Canada-Alaska," Bull. Geol. Soc. Am~, Vol. 62,
1951. Pp. 725-43.

, "Glaciological Studies on Malaspina Glacier, Alaska,and
--?l'S-a-sk'atchewan Glacier, Canada, in 1953 ,t'Status Report,Nov.,

1953. 6 pp.

----r---:-' "Glacier Variations and Climatic Fluctuations: Review
Article,~ Arctic, Vol. 6, No. 4,1953. Pp. 272-73.

Slater, G., "Studies on the Rhone Glacier, 1927. The Relation
ship between the average air temperature and the rate of melt
ing of the surface of the glacier , on Quart. Journal Royal Met.
~., Vol. 55, 1929. P. 385.

Sorge, E. , -"Deutsche GrBnlandexpedition Alfred Wegener. Glazio
logische Untersuchungen in Station Eismitte,"Zeitschrift d.
Ges. f. Erdkunde z. Berlin, 1932.

___~_, "The Scientific Results of the Wegener Expeditions to
Greenland, " The Geographical Journal, Vol. 81, 1933.



- 241 -

Sverdrup, H. U., The Nonvep"ian North Polar Ex
"Maud" 1918-25. cienti icResults, 01.
Part 1: Discussion. Bergen, 1935.

__.,.,..,.._, "Varmeutvekslingen mellem en sneflate og luften," Chr.
Michelsens Institutt, Beretninger, Vol. 5, No. 3, 1935.--
33 pp.

____~-, "The Temperature 0f the Firn on Isachsen's Plateau, and
Gener~l Conclusions regarding the Temperature of the Glaciers
on West-Spitsbergen," Geografiska Annaler, Vol. 17, Ht. 1-2,
1935. Pp. 53-88.

, "Ubersicht liber das Klima des Polarmeeres und des Kana...---;-;--disbhen Archipels," Handbuch der Klimatologie, Bd. 2, Teil K~

Berlin: Verlag von GebrITder Borntraeger, 1935. Pp. ·3-29.

____~~, "The Ablation on Isachsen's Plateau and on the Fourteenth
of July Glacier in Relation to Radiation and Meteorological
Conditions," Geografiska Annaler, Vol. 17, Ht. 3-4, 1935. Pp.
145-66. .

, "The Eddy Conductivity of the Air over a Smooth Snow
---=F~i-eld," Geofysiske Publikasjoner, Vol. Il, No. 7, 1936. 69

pp.

___.,....,.._, "Results of the Meteorological Observations on Isachsen's
Plateau," Geogra·fiska Anna1er, Vol. 18, Ht , i , 1936. Pp. 34
47.

Thams, C., "Uber die Strahlungseigenschaftén der Schneedecke,"
Gerl. Beitr. z.Geoph., Bd. 53 ,Leipzig, 1938.

The

Thompson, H. R. p "Geomorphology," Arctic, Vol. 6, No. 4, 1953.
Pp. 243-45.

Thorarinsson, S., "Present Glacier Shrinkage, and Eustatic Changes
of Sea Level," .Geografiska Annaler,Yo1. 22, Ht. 3-4, 194Q.
Pp. 131-59.

Troll, C., "Ftlnfundzwanzig Jahre nordisch-arktische Gletscherfor
schung unter Leitung von H. W:son Ahlmann," Geol. Rundschau,
Bd. 34, 1943. Pp. 282-93.

, "Schmelzung und Yerdunstung von Eis ·und Schnee in Ihrem .
--'-;y'-e-rhgltnis zur Geographischen Verbreitung der Ablationsformen,"

Erdkunde, Bd. 3, Ht. l, 1949. Pp. 18-29.



~ 242 -

Victor, P. E., "The French Expedition to Greenland, 1948,U Arctic,
Vol. 2, No. 3, 1949. Pp. 135-48.

__~_, "French Expedition to Greenland, 1949-1950," The Polar
Record, Vol. 6, No. 42, 1951. Pp. 258-62.

Wallen, Co C., "Glacial-Meteorological Investigations on' the
Karsa Glacier in Swedish Lappland, 1942-1948," .Geogr af i ska
Annaler, Vol. 30, Ht. 3-4, 1948. Pp. 451-672.

, "The Shrinkage of the Karsa Glacier and its Probable
~-=M~e~teorologicàl Causes,~GeografiskaAnnaler, Vol. 31, Ht. l~

4, 1949. -Pp, 275-91.

, "Influences Affectirig Glacier Extension in Northern
---:O:S-w-eden, "Assemblee Generale de Bruxelles, U. G. Go 10 a 1951,

Tome l, Louvain, 1952. Ppo 145-53.

Ward, R. DeC., C. ·F. Brooks and A. Jo Connor, "The Climates of
North America,~ Handbuch der Klimatologie, Bd. 2, Teil J.
Berlin: Verlag von Gebrnder Borntraeger, 1938. 92 pp.

Ward, Wo H., "The Physics of Deglaciation in 'Central Baffin Is~

land," The Journal of Glaciology, Vol o 2, No. Il, 1952. Pp.
9-22.

, "Glacier Physics,n Arctic, Vol. 6, No. 4, 1953. Pp.
----"2=3.,,..0-34.

Ward, W. H., and S. Orvig, "The Heat Exchange at the Surface of
the Barnes Ice Cap during the Ablation Period," The Journal
of Glaciology, Vol. 2, No. 13, 1953. Pp. 158-68.

Ward, W. H., and P. D. Baird, "Studies in Glacier Physics on the
Penny Ice Cap, Baffin Island, 1953. Part 1: A Description of
the Penny Ice Cap, Its Accumulation and Ablation,n The Journal
of Glaciology, Vol. 2, No. 15, April, 1954.

Weather Bureau and Corps of Engineers, "Cooperative Show Investi
gations, Progress Report 1945-1950," Technical Report No. 6-4,
Oakland Army Base, Oakland, California: March, 1950.

Wegener, K., "Der Schwerewind," Ann. ·d. Hydrogr., Vol. 62, 1934.



- 243 ~

Wi l l et t , H. C., "Temperature Trends of the Past Century," Cente~

nary Proeeedings of t he Royal Met. Soc., London, 1950. Pp.
195-206.

Wonders, W. C., Climate of the Canadian Aretie Arehipela&o, the
sis submitted for the degree nf Ph.D., Toronto University,
1951.

Wood, W. A., "Projeet Snow r~rnie~," Arctic~ Vol. l, No. 2, 194$.
Pp. 107-12.

Wright, C. S. and Ro E. Priestley, "Glaeiology," British (Terra
Nova ) Antaretie Expedition, 1910~13. London, 1922. 581 pp.






