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Foreword

On 23 July 1972, the first Earth Resources Technology Satellite (ERTS 1
or Landsat 1) was successfully placed in orbit. The success of Landsat inau-
gurated a new era in satisfying mankind’s desire to better understand the
dynamic world upon which we live. Space-based observations have become
an essential means for monitoring global environmental changes.

The short- and long-term cumulative effects of processes that cause sig-
nificant changes on the Earth’s surface can be documented and studied by
repetitive Landsat and other satellite images. Such images provide a perma-
nent historical record of the surface of the planet; they also make possible
comparative two- and three-dimensional measurements of change over
time. This Professional Paper demonstrates the importance of the applica-
tion of Landsat images to global studies by using them to determine the
1970s distribution of glaciers on the planet. As images become available
from future satellites, the new data will be used to document global
changes in glacier extent by reference to the baseline Landsat image record
of the 1970’s.

Although many geological processes take centuries or even millennia to
produce obvious changes on the Earth’s surface, other geological phenom-
ena, such as glaciers and volcanoes, cause noticeable changes over shorter
periods. Some of these phenomena can have a worldwide impact and often
are interrelated. Explosive volcanic eruptions, such as the 1991 Mount
Pinatubo, Philippines, eruption, can produce dramatic effects on the global
climate. Natural or culturally induced processes can cause global climatic
cooling or warming. Glaciers respond to such warming or cooling periods by
decreasing or increasing in size, which in turn causes sea level to rise or fall.

As our understanding of the interrelationship of global processes
improves and our ability to assess changes caused by these processes
develops further, we will learn how to use indicators of global change, such
as glacier variation, to manage more wisely the use of our finite land and
water resources. This USGS Professional Paper series is an excellent exam-
ple of the way in which we can use technology to provide needed earth-sci-
ence information about our planet. The international collaboration
represented by this report is also an excellent model for the kind of cooper-
ation that scientists will increasingly find necessary in the future in order to
solve important earth-science problems on a global basis.

Charles G. Groat,
Director,
U.S. Geological Survey
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Preface

This chapter is the seventh chapter to be released in U.S. Geological Sur-
vey Professional Paper 1386, Satellite Image Atlas of Glaciers of the World,
a series of 11 chapters. In each chapter, remotely sensed images, primarily
from the Landsat 1, 2, and 3 series of spacecraft, are used to study the gla-
cierized regions of our planet and to monitor glacier changes. Landsat
images, acquired primarily during the middle to late 1970’s, were used by
an international team of glaciologists and other scientists to study various
geographic regions or to discuss glaciological topics. In each geographic
region, the present areal distribution of glaciers is compared, wherever pos-
sible, with historical information about their past extent. The atlas provides
an accurate regional inventory of the areal extent of glacier ice on our
planet during the 1970’ as part of a growing international scientific effort
to measure global environmental change on the Earth’s surface.

The chapter is divided into three parts: Glaciers of Canada (J-1), Gla-
ciers of the Conterminous United States (J-2), and Glaciers of México
(J-3). The Glaciers of Alaska is a separate chapter, Chapter 1386-K, of this
series.

Glaciers in Canada are located in three principal geographic settings: on
several Arctic islands in Nunavut and the Northwest Territories of northern
Canada, in the Rocky Mountains and Interior Ranges of Alberta, British
Columbia, Yukon Territory, and the Northwest Territories, and along the
Pacific Coast, where they are sometimes contiguous with glaciers of Alaska.
Glaciers are also situated in the Ungava Peninsula of northern Labrador,
Newfoundland, and on Vancouver Island, British Columbia. The area cov-
ered by glaciers is estimated to be 151,000 km? on the Arctic Islands and
50,000 km? on the mainland, a total of 201,000 km? The types of glaciers in
Canada include ice caps and ice fields and associated outlet glaciers, valley
glaciers, mountain glaciers, glacierets, and rock glaciers. Landsat images
are most useful in the study of large glaciers, ice caps and ice fields and
associated outlet glaciers in Arctic Canada, and of ice fields, outlet glaciers,
and valley glaciers in western Canada.

Glaciers in the conterminous United States are located in the States of
Washington, Oregon, California, Montana, Wyoming, Colorado, Idaho, Utah,
and Nevada. They have a total area of about 580 km?. Only the first five
states have glaciers large enough in area to be discernable on Landsat MSS
images. Many of the volcanoes in the Cascade Range of the western United
States are capped by glaciers, posing a significant hazard in the form of
lahars and jokulhlaups in the river basins that originate on the flanks of
these volcanoes. In Glacier National Park, Montana, the larger cirque gla-
ciers have been reduced in area and volume during the past 150 years, a
reduction rate that accelerated during the 20th century.

Glaciers in México are located on two active stratovolcanoes, Volcan Cit-
laltépet] (nine named glaciers) and Popocatépetl (three named glaciers),
and one dormant stratovolcano, Iztaccihuatl (12 named glaciers). The total
glacier area in the middle 1960’s was 11.44 km?; all glaciers have been
receding during the 20th century. Since 1993, intermittent volcanic activity
of Popocatépet]l has produced changes in its glaciers. The small area of
México’s glaciers limits the usefulness of Landsat MSS data; Landsat 3 RBV
data, however, has sufficient spatial resolution to delineate glacier margins.

Richard S. Williams, Jr.
Jane G. Ferrigno
Editors
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About this Volume

U.S. Geological Survey Professional Paper 1386, Satellite Image Atlas of
Glaciers of the World, contains 11 chapters designated by the letters A
through K. Chapter A is a general chapter containing introductory material
on the Earth’s cryosphere, including a discussion of the physical character-
istics, classification, and global distribution of glaciers. The next 10 chap-
ters, B through K, are arranged geographically and present glaciological
information from Landsat and other sources of data on each of the geo-
graphic areas. Chapter B covers Antarctica; Chapter C, Greenland; Chapter
D, Iceland; Chapter E, Continental Europe (except for the European part of
the former Soviet Union), including the Alps, the Pyrenees, Norway, Swe-
den, Svalbard (Norway), and Jan Mayen (Norway); Chapter F, Asia, includ-
ing the European part of the former Soviet Union, China (PR.C.), India,
Nepal, Afghanistan, and Pakistan; Chapter G, Turkey, Iran, and Africa;
Chapter H, Irian Jaya (Indonesia) and New Zealand; Chapter I, South
America; and Chapter J, North America (excluding Alaska); and Chapter K,
Alaska.

The realization that one element of the Earth’s cryosphere, its glaciers,
was amenable to global inventorying and monitoring with Landsat images
led to the decision, in late 1979, to prepare this Professional Paper, in which
Landsat 1, 2, and 3 multispectral scanner (MSS) and Landsat 2 and 3 return
beam vidicon (RBV) images would be used to inventory the areal occur-
rence of glacier ice on our planet within the boundaries of the spacecraft’s
coverage (between about 81° north and south latitudes). Through identifi-
cation and analysis of optimum Landsat images of the glacierized areas of
the Earth during the first decade of the Landsat era, a global benchmark or
baseline could be established for determining the areal extent of glaciers
during a relatively narrow time interval (1972 to 1982). This global “snap-
shot” of glacier extent could then be used for comparative analysis with
previously published maps and aerial photographs and with new maps, sat-
ellite images, and aerial photographs in order to determine the areal fluctu-
ation of glaciers in response to natural or culturally induced changes in the
Earth’s climate.

To accomplish this objective, the editors selected optimum Landsat
images of each of the glacierized regions of our planet from the Landsat
image data base at the EROS Data Center in Sioux Falls, S. Dak., although
some images were also obtained from the Landsat image archives main-
tained by the Canada Centre for Remote Sensing, Ottawa, Ontario, Canada,
and by the European Space Agency in Kiruna, Sweden, and Fucino, Italy.
Between 1979 and 1981, these optimum images were distributed to an
international team of more than 50 scientists who agreed to write a section
of the Professional Paper concerning either a geographic area or a glacio-
logical topic. In addition to analyzing images of a specific geographic area,
each author was also asked to summarize up-to-date information about the
glaciers within the area and to compare their present areal distribution with
historical information (for example, from published maps, reports, and pho-
tographs) about their past extent. Completion of this atlas will provide an
accurate regional inventory of the areal extent of glaciers on our planet
during the 1970’s.

Richard S. Williams, Jr.
Jane G. Ferrigno
Editors
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Glaciers of North America—

GLACIERS OF CANADA

INTRODUCTION
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Glaciers in Canada are situated in three principal locations: on several Arctic
islands, in the Rocky Mountains and Interior Ranges, and along the Pacific Coast.
Landsat MSS images are most useful in studying and monitoring changes in ice caps,
ice fields, outlet glaciers, and valley glaciers
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Educational, Scientific, and Cultural Organization’s (UNESCO) Interna-
tional Hydrological Programme (IHP). This activity is complemented by
participation in the “CRYSYS” program (to study variability and change of
the Canadian CRYospheric SYStem) [http:/www.crysys.uwaterloo.ca],
whose academic and government partners conduct research on the Cana-
dian cryosphere using conventional and remote sensing methods.

As part of the glacier investigations during the past 140 years, especially
between the middle 1940's and 1990’s, one 1:4,000,000-scale map of the
height of the glaciation level in western Canada and southern Alaska (gla-
ciers shown in green) (Anonymous, 1978), one 1:2,000,000-scale map of
glaciers and moraines in southern British Columbia and Alberta (glaciers
shown in gray) (@strem and others, 1966), seven 1:1,000,000-scale, 52
1:500,000 scale (Glacier Atlas of Canada), and 114 miscellaneous scale
(1:2,500 to 1:125,000) maps of selected glaciers of Canada were published
by governmental agencies and academic institutions. Satellite images, com-
bined with digital-elevation models (DEMs) using geographic information
systems (GIS) technology, are being used to produce new types of maps of
Canada’s glaciers. Roger D. Wheate, Robert W. Sidjak, and Garnet T. Whyte
provide examples of the application of these technologies to two glaciers in
the Interior Ranges and Rocky Mountains.

Until the preparation of this volume on the glaciers of Canada, the last
effort to carry out a comprehensive review of the glacierized regions of Can-
ada was done by William O. Field and his colleagues at the American Geo-
graphical Society (AGS) in the two-volume “Mountain Glaciers of the
Northern Hemisphere,” which also included an atlas containing 49 plates
(Field, 1975c¢). The two volumes and atlas were produced by the AGS under
contract with the Earth Sciences Division of the U.S. Army Engineer Topo-
graphic Laboratories and published by the Technical Information Analysis
Center, Cold Regions Research and Engineering Laboratory, U.S. Army Corps
of Engineers (Hanover, New Hampshire). (An earlier, similar atlas was pub-
lished in 1958 (Field and Associates, 1958).) They include a comprehensive
collation of published reports and maps of the glaciers of Canada (and other
glacierized regions of the Northern Hemisphere) and are an excellent source
of information from a variety of historical and modern sources. For all of the
glacierized regions of Canada, including those regions not addressed in this
volume, relevant chapters in the 1975 volumes will be cited.

In 1998, the Royal Canadian Geographical Society published, in the
November/December 1998 issue of Canadian Geographic, an article on Can-
ada’s glaciers (Anonymous, 1998) and an 8-page color map foldout (Shilts
and others, 1998). Several of the maps that appeared in the foldout map are
reproduced, with permission and with some minor modifications, in the fol-
lowing sections of the “Glaciers of Canada.” Another modern reference map
of Canada is the 1:6,000,000-scale “New Century Map of Canada” published
by Canadian Geographic in 1999 [http://www.canadiangeographic.ca]. See
also the National Atlas (of Canada) Web site at [http:/atlas.gc.ca], which
will, in the near future, carry maps from the previously noted plates of the
Glacier Atlas of Canada and contain links to available glacier-related data
bases residing in government and university archives.

Topical Sections

Two topical sections follow this introduction. The two sections, written
by C. Simon L. Ommanney, give a comprehensive review of “History of Gla-
cier Investigations in Canada” and “Mapping Canada’s Glaciers.” The latter
review is followed by a subsection on “Mapping Glaciers in the Interior
Ranges and Rocky Mountains with Landsat Data,” by Roger D. Wheate,
Robert W. Sidjak, and Garnet T. Whyte.

GLACIERS OF CANADA J3



Glaciers of the Arctic Islands

The glaciers of the Canadian Arctic represent the largest area
(151,057 kim®) and volume of glacier ice in Canada and include about 5
percent of the glacierized area of the Northern Hemisphere (fig. 1, and
fig. 1 in “Glaciers of the High Arctic Islands™). Ice caps and ice fields and
associated outlet glaciers and smaller glaciers are present on several of the
Queen Elizabeth Islands (Ellesmere, Axel Heiberg, Meighen, Coburg,
Devon, and North Kent Islands, Nunavut, and in the western part of
Melville Island, Northwest Territories) (Mercer, 1975b). Roy M. Koerner, in
“Glaciers of the High Arctic Islands,” describes both dynamic and stagnant
ice caps. These ice caps exhibit a very slow response to climate change.
Even though the last 150 years have been the warmest in the past millen-
nium, only very slight changes in area and volume of the ice caps can be
discerned.

Martin O. Jeffries describes historic and modern changes in the section
“Ellesmere Island Ice Shelves and Ice Islands,” including the use of Landsat
MSS, RADARSAT synthetic aperture radar (SAR) and SPOT haute resolu-
tion visible (HRV) images to document changes in the ice shelves and ice
plugs (multiyear landfast sea ice) that are located on the northwestern
coast of Ellesmere Island. Although the ice shelves have been present since
the middle Holocene Epoch, they were much more extensive in the past.
The 20th century warming interval has resulted in a significant reduction in
their areal extent.

The glaciers of the Canadian Low Arctic are located on Baffin and Bylot
Islands (Mercer, 1975a). About 45 percent of Bylot Island (4,859 km?) is
covered by glaciers (see the book’s cover). On Baffin Island, glaciers are
found on the northern and eastern coasts, from the northeastern part of the
Brodeur and Borden Peninsulas to the eastern part of the Hall and Meta
Incognita Peninsulas, Nunavut (fig. 1 in “Glaciers of Baffin Island™). John T.
Andrews addresses the geographic distribution and types of glaciers (ice
caps and ice fields and associated outlet glaciers and smaller glaciers) in
“Glaciers of Baffin Island,” with specific reference to the two large ice caps,
Barnes Ice Cap (5,935 km®) and Penny Ice Cap (5,960 km?); he concludes
these two ice masses contain ice that represents the last remnants of the
Laurentide Ice Sheet (fig. 2). He also concludes that the Barnes Ice Cap is
slowly shrinking, a recession that could accelerate if significant regional cli-
mate warming were to occur. Gerald Holdsworth, in his discussion entitled
“Barnes Ice Cap: Geomorphology and Thermodynamics,” confirms that a
whitish marginal strip of ice at the ice-cap margin has a 8'%0 isotope value
that indicates a late Pleistocene Epoch (Wisconsinan) age of the ice. John
D. Jacobs examines “Late 20th Century Change of the Barnes Ice Cap Mar-
gin,” using both Landsat and RADARSAT SAR images to document reces-
sion of Lewis Glacier and the calving ice-front in Gee Lake. Figure 3 and
table 2 show the optimum Landsat 1, 2, and 3 MSS and RBV images of the
glaciers of the Arctic Islands.

The southernmost glaciers in eastern North America are located in the
Torngat Mountains, Labrador, Newfoundland (fig. 1), but are not discussed
in this chapter. Fahn (1975) states that most of the glaciers are cirque gla-
ciers that form clusters on the slopes of the highest peaks. She further
notes that the 1975 climatic conditions in the Torngat Mountains are mar-
ginal and that the glaciers have been receding since the end of the “Little
Ice Age” (LIA).

Unpublished work by Ommanney (written commun., 2001) summarized
the body of knowledge on the distribution of a significant number of rock
glaciers in Labrador. Ommanney (written commun., 2001) and his col-
leagues also mapped one glacieret on the Québec side of the provincial bor-
der with Labrador, so there is (or was?) at least one glacier(et) in Québec.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud
Path-Row scene center identification Date elevation Code cover Remarks
(lat-long) number ( d?glzrggzis) (percent)
23-12 67°59'N. 20911-15165 21 Jul 77 41 ‘ 0
68°52'W.
24~10 70°35'N. 20912-15214 22 Jul 77 39 ‘ 0
66°28'W.
2411 69°17'N. 20912-15221 22 Jul 77 40 ‘ 0
68°29'W.
25-10 70°35'N. 11850-14380 16 Aug 77 30 . 0
67°54'W.
25-11 69°17'N. 11850-14382 16 Aug 77 31 . 5 Southeastern end of Barnes Ice Cap
69°55'W.
26-10 70°35'N. 21292-15355 06 Aug 78 ~36 . 0
69°20'W.
26-11 69°17'N. 21328-15380 11 Sep 78 22 10 Southeastern end of Barnes Ice Cap
71°21'W. Q
26-11 69°17'N. 30721-15514 24 Feb 80 10 O 30 Landsat 3 RBV; subscene B used for Andrews’
T1°21'W. AB figure 15
27-10 70°35'N. 1379-16124 06 Aug 73 36 . 0 Barnes Ice Cap
70°46'W.
27-11 69°17'N. 1379-16130 06 Aug 73 37 . 0 Barnes Ice Cap
T2°48'W.
27-11 69°17'N. 30722-15572 25 Feb 80 ~11 ’ 0 Barnes Ice Cap; Landsat 3 RBV
T2°48'W. B,C
28-09 71°50'N. 10380-16180 07 Aug 73 35 ’ 0
69°54'W.,
28-10 70°35'N. 10380-16182 07 Aug 73 36 . 0 Barnes Ice Cap; image used for Andrews’ figure 5
72°12'W.
28-10 70°35'N. 30525-16065 12 Aug 79 32 . 0 Barnes Ice Cap; image used for Andrews’ figure 8A
72°12'W,
28-11 69°17'N. 10380-16185 07 Aug 73 37 . 0 Barnes Ice Cap
74°14'W.
28-11 69°17'N. 30525-16071 12 Aug 79 33 . 0 Barnes Ice Cap
T4°14'W.
29-09 71°50'N. 30526-16120 13 Aug 79 31 O 20
T1°20'W.
29-10 70°35'N. 11119-15585 16 Aug 75 33 . 0
73°38'W.
29-10 70°35'N. 30526-16122 13 Aug 79 30 . 0-20 Landsat 3 RBV
73°38'W. B,D
30-09 71°50'N. 11855-15054 21 Aug 77 28 . 0 Extensive snow cover
T2°46'W.
30-09 71°50'N. 30491-16174 D 09 Jul 79 41 . 0 Landsat 3 RBV
T2°46'W.
30-10 70°35'N. 11855-15060 21 Aug 77 29 . 5 Barnes Ice Cap
75°04'W.
30-10 70°35'N. 30491-16181 B 09 Jul 79 41 . 0 Landsat 3 RBV
75°04'W.
30-10 70°35'N. 30725-16141 D 28 Feb 80 11 O 20 Landsat 3 RBV
75°04'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud

Path-Row scene center identification Date € eval on Code cover Remarks
(lat-long) number « diléfezs) (percent)

31-09 71°50'N. 11463-15471 25 Jul 76 37 O 15
74°13'W.

31-09 71°50'N. 30646-16232 02 Sep 79 26 O 15-20 Landsat 3 RBV
74°13'W. G, D

31-10 70°35'N. 1146316473 25 Jul 76 37 ‘ 0
76°30'W.

32-08 73°04'N. 11464-15522 26 Jul 76 36 ‘ 0
73°03'W.

32-09 71°50'N. 11857-15170 23 Aug 77 27 O 40
75°39'W.

32-09 71°50'N. 30547-16290 03 Sep 79 25-26 ’ 0-10 Landsat 3 RBV
75°39'W. ABCD

33-08 73°04'N. 1403-16455 30 Aug 73 26 . 0
74°29'W.

33-09 71°50'N. 1403-16461 30 Aug 73 27 . 0 Image used for Andrews’ figure 4
77°05'W.

33-09 71°50'N. 30548-16345 04 Sep 79 25-26 O 20-30 Landsat 3 RBV
77°05'W. A B CD

34-08 73°04'N. 11841-15294 07 Aug 77 32 o 50
75°55'W.

34-09 71°50'N. 1404-16515 31 Aug 73 27 . 0
78°31'W.

34-09 71°50'N. 30549-16403 05 Sep 79 25 O 20-50 Landsat 3 RBV
78°31'W. A'B

35-08 73°04'N. 11842-15352 08 Aug 77 31 O 15
77°21'W.

35-08 73°04'N. 30586-16445 12 Oct 79 10 10-20 Landsat 3 RBV
77°21'W. C,D O

35-09 71°50'N. 11125-16323 22 Aug 75 30 O 20
79°67T'W.

35-09 71°50'N. 305686-16452 12 Oct 79 10 O 2040 Landsat 3 RBV
79°5T'W. A B

36-08 73°04'N. 20204-16513 14 Aug 75 31 . 0 Bylot Island
78°4T'W,

36-08 73°04'N. 30173-165625D 25 Aug 78 28 O 20 Landsat 3 RBV
78°47'W.

36-09 71°50'N. 11468-16152 30 Jul 76 35 ‘ 0
81°23'W.

37-07 74°16'N. 20943-16332 22 Aug 77 27 . 0
77°14'W.

37-07 74°16'N. 305616-16572D 03 Aug 79 33 O 50 Landsat 3 RBV
77°14'W.

37-08 73°04'N. 20943-16335 22 Aug 77 28 . 0 Image used for Andrews’ figure 3
80°13'W.

37-09 71°50'N. 20943-16341 22 Aug 77 29 . 0
82°49'W.

38-06 75°25'N. 20944-16384 23 Aug 77 26 ‘ 0
75°14'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud

Path-Row scene center identification Date € eval on Code cover Remarks
(lat-long) number ¢ dzgfefes) (percent)

38-07 74°16'N. 20926-16400 05 Aug 77 32 O 50 Eastern end of Devon Island
78°40'W.

38-08 73°04'N. 11827-15540 24 Jul 77 35 10
81°39'W.

38-08 73°04'N. 30589-17020 15 Oct 79 9 10-20 Landsat 3 RBV
81°39'W. C,D O

38-09 71°50'N. 30589-17023 15 Oct 79 9 ‘ 0 Landsat 3 RBV
84°15'W. AB

39-06 75°25'N. 11147-16525 13 Sep 75 19 ‘ 0
76°40'W.

39-07 74°16'N. 20207-17081 17 Aug 75 29 O 15
80°06'W.

39-08 73°04'N. 1733-17123 26 Jul 74 36 10
83°05'W. O

39-08 73°04'N. 30482-17091 30 Jun 79 40 ‘ 0 Landsat 3 RBV
83°05'W. ABCD

40-05 76°31'N. 11130-165691 27 Aug 75 24 ‘ 0
74°08'W.

40-06 75°25'N. 11130-16593 27 Aug 75 25 10 Eastern end of Devon Island
78°06'W. O

40-07 74°16'N. 11130-17000 27 Aug 75 26 ‘ 0 Eastern end of Devon Island
81°32'W.

40-08 73°04'N. 11130-17002 27 Aug 75 27 O 15
84°31'W.

41-05 76°31'N. 20209-17184 19 Aug 75 26 O 40 Southeastern corner of Ellesmere Island
75°34'W.

41-06 75°25'N. 20551-17124 26 Jul 76 34 . 5 Devon Ice Cap
79°33'W.

41-07 74°16'N. 20551-17130 26 Jul 76 35 . 0 Extensive snow cover
82°58'W.

41-08 73°04'N. 21307-17015 21 Aug 78 ~28 ’ 5
85°57'W.

42-05 76°31'N. 20948-17010 27 Aug 77 24 10 Southeastern corner of Ellesmere Island
T7°00'W. O

42-06 75°25'N. 20948-17012 27 Aug 77 25 O 25 Devon Ice Cap
80°59'W.

4207 74°16'N. 1376-17372 03 Aug 73 33 10 EDC
84°24'W. O

43-04 77°33'N. 20553-17231 28 Jul 76 31 ‘ 5
73°49'W.

43-05 76°31'N. 205563-17234 28 Jul 76 32 10
T8, 9

43-06 75°25'N. 205563-17240 28 Jul 76 34 O 30 Devon Ice Cap
82°25'W.

43-07 74°16'N. 20553-17243 28 Jul 76 35 . 0 Extensive snow cover
85°50'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud

Path-Row  scene center identification Date elevation Code cover Remarks
(lat-long) number ( dzl;iis) (percent)

44-03 78°29'N. 20554-17283 29 Jul 76 30 . 5
69°53'W.

44-04 T7°33'N. 11458-17000 20 Jul 76 33 . 0 Extensive snow cover
75°15'W.

44-05 76°31'N. 11458-17003 20 Jul 76 34 10 Extensive snow cover
9°53W. )

44-06 75°25'N. 30523-17365 10 Aug 79 28 O 20 Image used for Koerner’s figure 2
83°51'W.

44-07 74°16'N. 1378-17485 05 Aug 73 32 ‘ 0 EDC
87°17'W.

45-03 78°29'N. 20555-17341 30 Jul 76 30 O 25
71°19'W.

45-04 77°33'N. 11459-17054 21 Jul 76 33 . 0 Extensive snow cover
76°41'W.

45-05 76°31'N. 11459-17060 21 Jul 76 34 10 Extensive snow cover
SI°10W. 9

45-06 75°25'N. 20951-17183 30 Aug 77 23 10 Extensive snow cover
85°17'W. 0

45-07 74°16'N. 30524-17430 11 Aug 79 29 . 0
88°43'W.

46-03 78°29'N. 11514-17063 14 Sep 76 15 . 0 Eastern side of Ellesmere Island
72°45'W.

46-04 77°33'N. 1758-17500 20 Aug 74 25 . 0 Eastern side of Ellesmere Island; image used for
78°07'W. Koerner’s figure 5

46-05 76°31'N. 1758-17503 20 Aug 74 26 . 0 Southeastern corner of Ellesmere Island
82°45'W.

46-05 76°31'N. 3056117473 17 Sep 79 15-16 10-20 Landsat 3 RBV
82°45'W. A,B,D 0

46-06 75°25'N. 1758-17505 20 Aug 74 27 . 0
86°43'W.

46-07 74°16'N. 1758-17512 20 Aug 74 28 . 0
90°09'W.

47-02 79°19'N. 2520-17403 25 Jun 76 33 O 20 EDC; Landsat 2 RBV
67°56'W.

47-03 78°29'N. 11461-17163 23 Jul 76 32 . 0 Extensive snow cover
T4°11'W.

47-04 77°33'N. 11854-16411 20 Aug 77 25 10 Southeastern Ellesmere Island
79°33'W. 0

47-05 76°31'N. 1149717142 28 Aug 76 23 O 15
84°11'W.

47-06 75°25'N. 30184-17552 05 Sep 78 ~20 O 40 Devon Island
88°09'W.

4707 74°16'N. 1399-18054 26 Aug 73 26 . 0 Extensive snow cover
91°35'W.

48-02 79°19'N. 2558-17505 02 Aug 76 27 O 30 EDC; Landsat 2 RBV
69°22'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Norinal Landsat Solar Cloud

Path-Row scene center identification Date elevation Code cover Remarks
(lat-long) number it dzgfiis) (percent)

48-03 78°29'N. 1760-18010 22 Aug 74 23 . 0 Ellesmere Island; Prince of Wales Icefield; image
75°37'W. used for Koerner’s figure 5

48-04 T7°33'N. 1760-18013 22 Aug 74 24 . 0 Ellesmere Island; Prince of Wales Icefield
81°00'W.

48-05 76°31'N. 1760-18015 22 Aug 74 25 O 10 Ellesmere Island; Sydkap Ice Cap; image used for
85°37'W. Koerner’s figure 4

48-06 75°25'N. 1760-18022 22 Aug 74 26 O 40
89°35'W.

49-02 79°19'N. 2559-17563 03 Aug 76 27 . 0 EDC
70°48'W.

49-03 78°29'N. 20559-17570 03 Aug 76 29 10 Ellesmere Island; Prince of Wales Icefield
77°03'W. 0

49-04 77°33'N. 20559-17573 03 Aug 76 30 O 40 Ellesmere Island; Prince of Wales Icefield
82°26'W.

49-04 77°33'N. 30546-18043 D 02 Sep 79 21 O 30 Landsat 3 RBV
82°26'W.

49-05 76°31'N. 11463-17284 25 Jul 76 33 . 0 Ellesmere Island; Sydkap Ice Cap
87°03'W.

49-05 76°31'N. 30546-18050 02 Sep 79 21-22 10 Landsat 3 RBV
87°03'W. B,D 0

50-01 80°01'N. 261418002 27 Sep 76 6 O 50 EDC
65°04'W.

50-02 79°19'N. 2597-18070 10 Sep 76 14 O 50 EDC
T2°14'W,

50-03 T78°29'N. 30511-18100 29 Jul 79 28 10 Ellesmere Island; Prince of Wales Icefield
78°29'W. 0

50-04 T7°33'N. 11839-17000 05 Aug 77 29 10 Ellesmere Island; Sydkap Ice Cap
83°52'W. O

50-04 77°33'N. 30187-18114 08 Sep 78 18 10-50 Landsat 3 RBY
83°52'W. A'B 0

50-05 76°31'N. 11839-17002 05 Aug 77 30 . 0
88°29'W.

51-01 80°01'N. 2548-18361 23 Jul 76 27 10 EDC; northeastern Ellesmere Island; Landsat 2 RBV
66°30'W. O

51-02 79°19'N. 2543-18083 18 Jul 76 31 . 0 EDC; northeastern Ellesmere Island; Landsat 2 RBV
73°40'W.

51-03 78°29'N. 11465-17391 27 Jul 76 31 . 5 Ellesmere Island; Prince of Wales Icefield
79°55'W.

51-04 77°33'N. 11465-17394 27 Jul 76 32 . 5
85°18'W.

51-04 77°33'N. 30206-18174 27 Sep 78 11 O 20 Landsat 3 RBV
85°18'W. B,D

51-05 76°31'N. 11465-17400 27 Jul 76 33 10
89°55'W. 0

52-01 80°01'N. 254418135 19 Jul 76 29 . 0 EDC; northeastern Ellesmere Island; Landsat 2 RBV
67°56'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat 1 - Cloud

Path-Row scene center identification Date € evatllon Code cover Remarks
(lat-long) number (¢ d:gfeec;s) (percent)

52-02 79°19'N. 20544-18142 19 Jul 76 31 10
75°06'W. O

52-02 79°19'N. 30531-18211D 18 Aug 79 24 O 70 Landsat 3 RBV
75°06'W.

52-03 78°29'N. 20904-17595 14 Jul 77 33 ‘ 0
81°21'W.

52-03 78°29'N. 30521-18213 B 18 Aug 79 24 o 20 Landsat 3 RBV
81°21'W.

52-04 77°33'N. 2090418002 14 Jul 77 34 10
86°44'W. O

52-04 77°33'N. 30207-18232 28 Sep 78 10 O 20-30 Landsat 3 RBV
86°44'W. B,D

52-05 76°31'N. 20904-18004 14 Jul 77 35 . 0
91°21'W.

53-01 80°01'N. 2550-18474 25 Jul 76 27 . 5 EDC; Landsat 2 RBV
69°22'W.

53-02 79°19'N. 11860-17141 26 Aug 77 21 . 5
76°32'W.

53-03 78°29'N. 11860-17144 26 Aug 77 22 . 0
82°47'W.

53-03 78°29'N. 21265-18063 10 Jul 78 ~34 . 0 Ablation area visible
82°47'W.

53-03 78°29'N. 30208-18284 29 Sep 78 9 1040 Landsat 3 RBV
82°47'W. C,D O

53-04 77°33'N. 30514-18274 01 Aug 79 28 O 30
88°10'W.

53-04 77°33'N. 30208-18291D 29 Sep 78 10 O 20 Landsat 3 RBV
88°10'W.

53-05 76°31'N. 30514-18280 01 Aug 79 29 . 0
92°47'W.

54-01 80°01'N. 2583-18295 27 Aug 76 18 . 0 EDC; Ellesmere Island; eastern Agassiz Ice Cap;
70°48'W. Landsat 2 RBV

54-02 79°19'N. 11843-17214 09 Aug 77 26 . 5
77°58'W.

54-02 79°19'N. 30191-18335 12 Sep 78 14 10-20 Landsat 3 RBV
77°58'W. C,D O

54-03 78°29'N. 21644-18270 24 Jul 79 29 O 20
84°13'W.

54-03 78°29'N. 30191-18342 12 Sep 78 15 10-30 Landsat 3 RBV
84°13'W. B,D O

54-04 T7°33'N. 20546-18263 21 Jul 76 33 . 0
89°36'W.

54-05 76°31'N. 20924-18111 03 Aug 77 31 . 0
94°13'W.

55-01 80°01'N. 2601-18292 14 Sep 76 11 . 0 EDC; Ellesmere Island; Agassiz Ice Cap; Landsat 2
72°14'W. RBV
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud
Path-Row scene center identification Date elev gllon Code cover Remarks
(lat-long) number ( dzzreis) (percent)
55-02 79°19'N. 11109-18251 06 Aug 75 27 ‘ 0
79°24'W,
5502 79°19'N. 30192-18394 13 Sep 78 14 O 20-50 Landsat 3 RBV
79°24'W. C,D
55-03 78°29'N. 30516-18384 03 Aug 79 27 10 Southern Axel Heiberg Island
85°30'W 9
55-03 78°29'N. 30516-18384 03 Aug 79 27 ‘ 0-5 Southern Axel Heiberg Island; Landsat 3 RBV
85°39'W. B,C,D
55-04 77°33'N. 30516-18391 03 Aug 79 28 ‘ 0
91°02'W.
55-04 77°33'N. 30516-18391 03 Aug 79 28 ‘ 0 Landsat 3 RBV
91°02'W. AD
55-05 76°31'N. 1371-18511 29 Jul 73 ~31 O 50 EDC
95°39'W.
56-01 80°01'N. 2591-19151 04 Sep 76 14 10 EDC; Ellesmere Island; Agassiz Ice Cap; Landsat 2
73°40'W. 0 RBV
56-02 T9°19'N. 20548-18371 23 Jul 76 30 . 0
80°50'W.
56-03 78°29'N. 20926-18214 05 Aug 77 28 O 20 Southern Axel Heiberg Island
87°05'W.
56-03 78°29'N. 20548-18373 23 Jul 76 31 ‘ 0 Southern Axel Heiberg Island
87°05'W.
56-04 77°33'N. 30517-18445 04 Aug 79 27 . 0
92°28'W,
57-01 80°01'N. 2548-18364 23 Jul 76 29 . 0 EDC; Ellesmere Island; Agassiz Ice Cap; Landsat 2
75°06'W. RBV
57-01 80°01'N. 2609-19144 22 Sep 76 7 10 EDC; Ellesmere Island; Agassiz Ice Cap; Landsat 2
75°06'W. O RBV
57-02 79°19'N. 11864-17364 30 Aug 77 20 10
82°16W, 9
57-03 78°29'N. 20945-18262 24 Aug 77 22 ‘ 0 Southern Axel Heiberg Island
88°31'W.
58-01 80°01'N. 2550-18480 25 Jul 76 28 ‘ 0 EDC; Ellesmere Island; Agassiz Ice Cap; Landsat 2
76°32'W. RBV, image used for Koerner's figure 8
58-02 79°19'N. 20550-18483 25 Jul 76 30 . 0
83°42'W.
58-02 79°19'N. 30123-18560 06 Jul 78 33 10 Landsat 3 RBV
83°42'W. B, C O
58-03 78°29'N. 20154-18563 25 Jun 75 35 ‘ 0 Southern Axel Heiberg Island
89°57'W.
58-03 78°29'N. 30123-18563 A 06 Jul 78 34 O 20 Landsat 3 RBV
89°57'W.
59-01 80°01'N. 20551-18535 26 Jul 76 28 ‘ 0 Ellesmere Island; Agassiz Ice Cap
77°58'W.
59-02 79°19'N. 20551-18541 26 Jul 76 30 ‘ 0
85°08'W.
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TABLE 2.—Optimum Landsat 1, 2, and 3 MSS and RBV images of the glaciers of the Arctic Islands of Canada—Continued

Solar

Nominal Landsat levati Cloud

Path-Row scene center identification Date elevation Code cover Remarks
(lat-long) number ¢ dizrgelsis) (percent)

59-03 78°29'N. 20947-18374 26 Aug 77 22 . 0 Southern Axel Heiberg Island
91°23'W.

60-01 80°01'N. 20552-18593 27 Jul 76 28 10 Ellesmere Island; Agassiz Ice Cap
79°24'W. 0

60-02 79°19'N. 20948-18430 27 Aug 77 20 ‘ 5 Axel Heiberg Island
86°34'W.

60-03 78°29'N. 20948-18432 27 Aug 77 21 . 0
92°49'W.

61-01 80°01'N. 2596-19434 09 Sep 76 12 O 20 EDC; Landsat 2 RBV
80°50'W.

61-01 80°01'N. 30198-19134 C 19 Sep 78 10 O 20 Landsat 3 RBV
80°50'W.

61-02 79°19'N. 20949-18484 28 Aug 77 20 . 0 Axel Heiberg Island
88°00'W.

61-03 78°29'N. 20949-18490 28 Aug 77 21 . 0
94°15'W.

62-01 80°01'N. 2559-19390 03 Aug 76 25 . 5 EDC; Landsat 2 RBV
82°16'W.

6202 79°19'N. 20950-18542 29 Aug 77 20 . 0 Axel Heiberg Island; image used for Koerner’s
89°27'W. figure 7

62-03 78°29'N. 20950-18545 29 Aug 77 21 . 0
95°42'W.

63-01 80°01'N. 2196-19292 06 Aug 75 25 . 0 EDC; Ellesmere Island
83°42'W.

63-02 79°19'N. 2196-19295 06 Aug 75 26 10 EDC; Axel Heiberg Island
90°53'W. O

6303 78°29'N. 30506-19243 24 Jul 79 29 ‘ 0
97°08'W.

64-01 80°01'N. 1758-19320 20 Aug 74 21 ‘ 0
85°08'W.

64-02 79°19'N. 20196-19295 06 Aug 75 27 10 Axel Heiberg Island
92°19W, 9

64-06 75°25'N. 216564-19254 03 Aug 79 30 ‘ 0 Melville Island

112°32'W.

65-01 80°01'N. 1759-19375 21 Aug 74 21 ’ 5
86°35'W.

65-02 79°19'N. 30508-19354 26 Jul 79 27 O 20
93°45'W.

65-02 79°19'N. 30202-19365 23 Sep 78 ~9 O 40-69 Landsat 3 RBV
93°45'W. A'B

65-06 75°25'N. 1723-19411 16 Jul 74 36 o 20

113°58'W.

6601 80°01'N. 1760-19433 22 Aug 74 21 ‘ 5 Axel Heiberg Island
88°01'W.

66-01 80°01'N. 30563-19403 19 Sep 79 10 ’ 0 Axel Heiberg Island; Landsat 3 RBV
88°01'W. C,D
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TABLE 4.—Optimum Landsat 1, 2, and 3 MSS and RBV images of glaciers of the Coast and St. Elias Mountains of Canada

[The images archived by the Canada Centre for Remote Sensing (CCRS) are not identified on the CCRS Website (http:/www.ccrs.nrcan.ge.ca) by Landsat identification number but can be located by
path (track), row (frame), and date. The images archived by the EROS Data Center (EDC) (http://earthexplorer.usgs.gov) are no longer located or ordered by the Landsat identification mmber on the
image but by a different entity number that incorporates satellite number, path, row, and date]

Solar

Nominal Landsat levati Cloud

Path-Row  scene center identification Date elevation Code cover Remarks
(lat-long) number ( dzfgl%l;;s) (percent)

50-25 50°09'N.  2596-18105 09 Sep 76 39 ‘ 0
121°08'W.

50-26 48°44'N.  2596-18111 09 Sep 76 40 ‘ 0 Garibaldi Park area
121°46'W.

51-24 51°34'N.  1385-18360 12 Aug 73 48 . 0
121°53'W.

51-25 50°09'N.  1385-18362 12 Aug 73 49 . 0 Pemberton Icefield
122°34'W.

52-24 51°34'N.  5877-17154 12 Sep 77 30 . 0
123°19'W.

52-25 50°09'N.  5841-17195 07 Aug 77 40 . 0 Pemberton and Homathko Icefields
124°00'W.

52-26 48°44'N.  1764-18332 26 Aug 74 45 . 0 Vancouver Island
124°38'W.

53-23 52°58'N.  1027-18472 19 Aug 72 46 . 0
124°03'W.

53-24 51°34'N.  1027-18475 19 Aug 72 43 ‘ 0 Klinaklini Glacier, Mount Waddington, Homathko Icefield
124°45'W.

53-25 50°09'N.  2203-18360 13 Aug 75 48 ‘ 0
125°26'W.

54-23 52°58'N.  1766-18433 28 Aug 74 42 ‘ 0
125°29'W,

54-24 51°34'N.  1766-18435 28 Aug 74 43 ‘ 0 Monarch Icefield, Klinaklini Glacier, Mount Waddington
126°11'W,

54-25 50°09'N.  1766-18442 28 Aug 74 44 ‘ 0 Vancouver Island
126°52'W.

5522 54°22'N.  1767-18484 29 Aug 74 40 ‘ 0
126°10'W.

55-23 52°68'N.  1767-18491 29 Aug 74 41 . 0
126°55'W.

55-24 51°34'N.  1767-18493 29 Aug 74 42 . 0
127°37'W.

56-21 55°45'N.  1768-18540 30 Aug 74 39 . 0
126°48'W.

56-22 54°22'N.  1768-18543 30 Aug 74 40 . 0
127°36'W.

56-23 52°58'N.  1768-18545 30 Aug 74 41 ‘ 0
128°21'W.

57-20 57°08'N.  1769-18592 31 Aug 74 38 10
127°23'W. Q

57-21 55°45'N.  1769-185%4 31 Aug 74 39 ’ 0 Cambria Icefield
128°14'W. :

57-22 54°22'N.  1769-19001 31 Aug 74 40 ’ 0
129°02'W.

57-23 52°58'N.  1049-19101 10 Sep 72 38 O 50
129°47'W.
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TABLE 4—Optimum Landsat 1, 2, and 3 MSS and RBV images of glaciers of the Coast and St. Elias Mountains of Canada—Continued

Nominal Landsat ISOIZI Cloud

Path-Row  scene center identification Date elevation Code cover Remarks
(lat-long) number ( digrgéZS) (percent)

58-20 57°08'N.  1770-19050 01 Sep 74 38 . 0
128°49'W.

58-21 55°45'N.  21288-18435 02 Aug 78 45 . 0 Cambria Icefield; image used for Coast Mountains, figure 2
129°40'W.

58-22 54°22'N.  1788-19050 19 Sep 74 33 10
130°28'W. O

59-20 57°08'N.  5848-17571 14 Aug 77 36 . 5
130°15'W.

59-21 55°45'N.  5848-17574 14 Aug 77 36 . 0
131°06'W.

60-19 58°31'N.  1772-19160 03 Sep 74 36 . 0
130°47'W.

60-20 57°08'N.  1722-19162 03 Sep 74 37 . 0 Stikine Icefield; image used for Coast Mountains, figure 3
131°41'W.

61-19 58°31'N.  5850-18080 16 Aug 77 35 O 25 Juneau Ice Field, Canadian glaciers cloudfree
132°13'W.

61-20 57°08'N.  2931-18571 10 Aug 77 42 O 15 Stikine Icefield, Canadian glaciers cloudfree
133°07'W.

62-18 59°54'N.  21670-19193 19 Aug 79 39 O 20 Archived by CCRS!
132°41'W.

62-19 58°31'N.  21670-19195 19 Aug79 40 10
133°39'W. O

63-18 59°54'N.  1775-19324 06 Sep 74 34 10
134°07'W. O

63-19 58°31'N.  1775-19330 06 Sep 74 35 . 0 Juneau Ice Field
135°05'W.

64-18 59°54'N.  30147-19373  30Jul 78 45 . 0
135°33'W.

64-18 59°564'N.  1416-19473 12 Sep 73 32 . 0 Band 6 evaluated, Band 7 missing
135°33'W.

64-19 58°31'N.  30147-19375  30Jul 78 46 . 0 Glacier Bay
136°31'W.

64-19 58°31'N.  1416-19480 12 Sep 73 33 . 0 Glacier Bay
136°31'W.

65-17 61°16'N.  1417-19525 13 Sep 73 30 ‘ 0
135°56'W.

65-18 59°54'N.  1417-19531 13 Sep 73 32 . 0 Image used for St. Elias Mountains, figures 9 and 12
136°59'W.

65-19 58°31'N.  1417-19534 13 Sep 73 33 ‘ 0
137°57'W.

66-17 61°16'N.  21314-19293 28 Aug 78 35 . 0 Archived by CCRS
137°22'W.

66-18 50°54'N.  21314-19295 28 Aug 78 36 ‘ 0 Image used for St. Elias Mountains, figures 1, 9, and 12
138°25'W.

66-18 59°54'N.  30167-19491 19 Aug 78 39 O 10 Landsat 3 RBV; subscene A used for St. Elias Mountains,
138°25'W. A CD figure 6; archived by USGS Glacier Studies Project

67-17 61°16'N.  2955-19285 03 Sep 77 32 . 0 Image used for St. Elias Mountains, figures 2 and 4
138°48'W.
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GLACIERS OF NORTH AMERICA-

GLACIERS OF CANADA

HISTORY OF GLACIER INVESTIGATIONS IN CANADA

By C. SIMON L. OMMANNEY!

Abstract

Because of extensive high mountain ranges (peaks nearly 6,000 meters above sea level in
western Canada) and high latitude (latitude 83° North in the High Arctic Islands), Canada has
a large number of glacierized regions; the area covered by glaciers increases from south to
north along the border with Alaska in the west and from Labrador to Ellesmere Island in the
east. Glaciers cover an estimated 150,000 square kilometers of the Arctic Islands, three times
the glacier cover in western Canada (about 50,000 square kilometers), for an approximate
total area, of 200,000 square kilometers. The principal glacierized regions of Canada are the
mountain groups of the Coast Mountains: St. Elias Mountains, Boundary Ranges, and Pacific
Ranges; Interior Ranges; Rocky Mountains; and Arctic Islands: Baffin Island, Devon Island,
Ellesmere Island, Axel Heiberg Island, Meighen Island, and Melville Island. The first field
observations of Canadian glaciers were made in 1861. During the past 140 years, various
types of glaciological measurements, from observations in the field to airborne and satellite
remote sensing, have been made, for varying periods of time, of 176 individual glaciers,
including 13 glaciers in Yukon Territory (St. Elias Mountains), 63 glaciers in the Coast Moun-
tains, 10 glaciers in the Interior Ranges, 27 glaciers in the Rocky Mountains, 41 glaciers in the
High Arctic, 10 glaciers in the Low Arctic, and 5 glaciers in Labrador (Torngat Mountains).
Seven other glaciers have been studied but are outside these mountain ranges and are not
discussed. Most of the studies of mass-balance, modeling, dendrochronology, climatology, ice
chemistry and physics, ice-core analysis, glacier-surge mechanics, and airborne and satellite
remote sensing were carried out during the past 50 years, stimulated by the need for
increased knowledge of water resources in the western glacierized basins and to support sci-
entific work during the International Geophysical Year (1945 to middle 1950's), increased
knowledge of Arctic Canada, a response to security and sovereignty concerns (middle 1950’s
to the middle 1960's), and by the International Hydrological Decade (middle 1960’s to the
1970’s). During the 1990’s governmental support of glacier research in Canada waned, but by
the beginning of the 21st century, the Geological Survey of Canada initiated a National Glaci-
ology Programme, including a Cryospheric Systems Research Initiative (CRYSYS), motivated
by achieving a better scientific understanding of the potential impact of climate change on
Canada’s water resources and the Arctic region. With the increased availability of the higher
spatial and spectral resolution in satellite imagery (including stereoscopic imagery), radar
imagery (including InSAR), and laser altimetry, glaciologists will increasingly rely on satellite
remote sensing to acquire some of the data needed to monitor changes in area and volume
and glacier velocity.

Occurrence of Glaciers

The Canadian landmass, extending from long 53°W. to 141°W. and from
lat 42°N. to 83°N., has an area of almost 10 million km® The mountains
range up to a height of nearly 6,000 m above sea level and contain a variety
of environments suitable for the development and maintenance of glaciers.

Manuscript approved for publication 7 March 2002.

! International Glaciological Society, Lensfield Road, Cambridge CB2 1ER, England (formerly with the
National Hydrology Research Institute [now the National Hydrology Research Centre], Environment Can-
ada, Saskatoon, Saskatchewan S7TN 3H5, Canada).
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Field, in his memorable study of mountain glaciers, described the glacier
distribution and reported on much of the work done on them (Field,
1975¢); work on the glaciers was last updated by Ommanney (1996). Small
glaciers are found on both continental margins, in the Torngats of Labrador
(Fahn, 1975), and in the central mountains of Vancouver Island (Omman-
ney, 1972a). Larger glacier masses are found in the Rocky Mountains (Den-
ton, 1975a), the Interior Ranges (Coleman, 1921; Denton, 1975¢), and the
Coast Mountains (Denton, 1975b). The glaciers get progressively larger as
one moves north along the “Panhandle” (Field, 1975a), the boundary
between British Columbia and Alaska. The size continues to increase
through the Juneau Icefield region up to the Yukon Territory (Ommanney,
1993) and the Icefield Ranges (Field, 1975b, 1990), which contain large gla-
cier systems such as the Seward Glacier [11],% (Post and LaChapelle, 1971)
(table 1, fig. 1). Some smaller outliers are found in the eastern Yukon Terri-
tory and western District of Mackenzie (Northwest Territories) (Horvath,
1975). The variety of the landscapes encountered can be seen in Dunbar
and Greenaway (1956), Post and LaChapelle (1971), Slaney (1981), Prest
(1983), and Mollard and Janes (1984).

The mean height of the equilibrium line of the glaciers rises steadily as
one crosses the mountains from west to east, from about 1,700 m in the
Coast Mountains to more than 2,700 m in the Rockies, reflecting a conti-
nentality effect. Moving northward, the glaciers increase in size and
reach to lower elevations, demonstrating a latitudinal effect due to the
lowering of mean annual temperature as one moves toward the North
Pole. This effect is best seen in the eastern Arctic, where the mean
height of the equilibrium line declines from some 700 m on Baffin Island
virtually to sea level at the Ward Hunt Ice Shelf [120] (table 2, fig. 2). Gla-
ciers in the eastern Arctic are distributed along the mountain and fjord
coast of Baffin Island (Ives, 1967c), with bigger concentrations of ice in
the Barnes [164] and Penny [168] Ice Caps (Mercer, 1975a). Such con-
centrations become larger and more common farther north. Axel Heiberg
Island, Ellesmere Island, and Devon Island are partially covered by large
ice fields and ice caps several thousand square kilometers in size (Mer-
cer, 19756b). The regional characteristics of glaciation levels, snowlines,
and equilibrium lines throughout Canada have been described by @strem
(1966a, 1972, 1973b), Andrews and Miller (1972), Bradley (1975) and
Miller and others (1975).

Figure 1 shows the distribution of glaciers in western Canada. The num-
bers in this figure refer to those in table 1 and identify the locations of spe-
cific glaciers mentioned in the text or for which some historical information
is summarized in the table. The numbers are given in the text in square
brackets after the glacier names to aid the reader in identifying their geo-
graphic location. Figure 2 and table 2 provides the same information for the
glaciers of arctic and eastern Canada.

To aid in the management of its glacier resources, the Canadian govern-
ment initiated a comprehensive inventory of all Canadian glaciers in the
1960’s. The inventory was a contribution to the International Hydrological
Decade (IHD) and also to the International Hydrological Programme (IHP)
(Ommanney, 1980). However, no recent measurement of the total area of
Canada’s glaciers has been made. A summary of the best available informa-
tion (Ommanney, 1971a) shows that about three-quarters of Canada’s per-
manent ice masses, some 150,000 km?, is found in the eastern Arctic, with
the balance lying on the mainland, chiefly in the Yukon Territory and British
Columbia (Ommanney, 1989) (table 3).

2 Numbers in brackets refer to tables 1 and 2 and to figures 1 and 2.
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Figure 1—(opposite page) The glaciers of
western Canada. Numbers on the map
correlate to the numbered glaciers in
table 1. The areas shown in darker green
are national parks and other protected
areas; the areas shown in purple are gla-
ciers. Modified from map in Canadian
Geographic (Shilts and others, 1998).
Used with permission.









TABLE 1.—Summary of historical information on glaciers of western Canada (see also fig. 1)—Continued
[x, variations; 0, mass balance; *, variations and mass balance; z, other studies; s, other, some mass balance; m, other, some variations; ?, missing glacier area and location data; italicized place-names are variant

names and names not listed in the CPCGN/CGNDB?]

COAST MOUNTAINS

49. Pathetic Glacier
50. Friendly Glacier
51. Hourglass Glacier
52. Tchaikazan Glacier
53. Sykora Glacier

54. Bridge Glacier
55. Zavisha Glacier
56. Berm Glacier
57. Havoc Glacier
58. Wave Glacier

59. Surf Glacier

60. Terrific Glacier

61. Clendenning Glacier
62. Place Glacier

63. Wedgemount Glacier
64. Caltha Lake Glacier

65. Boomerang Glacier
66. Brandy Bowl Glacier
67. Horstman Glacier

68. Overlord Glacier

69. Helm Glacier

70. Sphinx Glacier

7
72. Thunderclap Glacier
73. Griffin Glacier

74. Staircase Glacier

75. Gl de Fleur des Neiges
76. Moving Glacier

=

Sentinel Glacier

INTERIOR RANGES

77. Silvertip Glacier
78. Haworth Glacier
79. Sir Sandford Glacier
80. Illecillewaet Glacier
81. Asulkan Glacier

82. Woolsey Glacier

83. Bugaboo Glacier

84. Commander Glacier
85. Toby Glacier

86. Kokanee Glacier

ROCKY MOUNTAINS

87. Robson Glacier

88. Small River Glacier
89. Angel Glacier

90. Scott Glacier

91. East Chaba Glacier

92. Saskatachewan Glacier
93. Athabasca Glacier

94. Columbia Icefield

95. Colurnbia Glacier

Latitude
North
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North
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West
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TABLE 1.—Summary of historical information on glaciers of western Canada (see also fig. 1)—Continued
[x, variations; o, mass balance; *, variations and mass balance; z, other studies; s, other, some mass balance; m, other, some variations; ?, missing glacier area and location data; italicized place-names are variant

names and names not listed in the CPCGN/CGNDB?)

ROCKY MOUNTAINS Latitude
North

96. Boundary Glacier 52°11.5'
97. Dome Glacier 52°12.1
98. Hilda Glacier 52°11.0"
99. Cline Glacier 52°05.0'
100. Southeast Lyell Gla-  51°54.5'

cier

101. Ram River Glacier 51°51.0'
102. Freshfield Glacier 51°45.8'
103. Peyto Glacier 51°40.6'
104. Bow Glacier 51°38.9'
105. Yoho Glacier 51°36.0'
106. Hector Glacier 51°35.7'
107. Drummond Glacier 51°35.5'
108. Emerald Glacier 51°30.0'
109. Cathedral Glacier 51°24.3'
110. Victoria Glacier 51°22.8'
111. Wenkchemna Glacier 51°18.7'
112. Robertson Glacier 50°44.0'
113. Rae Glacier 50°37.4'
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TABLE 2.—Summary of historical information on glaciers of arctic and eastern Canada (see also fig. 2)
[x, variations; o, mass balance; *, variations and mass balance; z, other studies; s, other, some mass balance; m, other, some variations; ?, missing glacier area data; italicized place-names are variant names and names not listed

in the CPCGN/CGNDB’]
HIGH ARCTIC Latitude  Longitude km® 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
North West
120. Ward Hunt Ice Shelf (Elles) 83°07.2'  73°30.3' 660. .. e e e 222 022200000  0000000.. 000000....
121. Ward Hunt Ice Rise (Elles) 83°07.0'  74°10.0' 32. .00 0000000000 000000C...  000000...
122. Milne Glacier (Elles) 82°24.0'  8§0°00.0' 900. X v X e Xewo e
123. Gilman Glacier (Elles) 82°05.8'  70°36.9' 480. ...000 0000000000 O,
124. Muskox Glacier (Elles) 82°05.0'  86°10.0' 2 e
125. Unnamed Ice Cap (Elles) 81°57.3'  64°12.0" TH ol s e e ....00.. 0000000...
126. Per Ardua Glacier (Elles) 81°31.0'  76°27.0' A3 s e e e ...000000 Q0.... ...
127. Otto Glacier (Elles) 81°20.0'  84°15.0' 1018. Ko e e
128. Hare Fiord Glacier (Elles) 81°08.5'  82°20.0' ? I S X
129. Webber Glacier (Elles) 80°55.0'  82°10.0' 123, e A
130. Gnome Glacier (Elles) 80°54.5'  82°23.5' 31 e X
131. Dwarf Glacier (Elles) 80°54.0'  82°30.3' 43 X
132. Midget Glacier (Elles) 80°53.7  82°37.3' B0 s s e e e e X
133. Arklio Glacier (Elles) 80°53.6'  82°44.0' T2 e e X
134. Okpuddyshao Glacier (Elles) 80°53.1'  82°50.9 5.0 i e e e e e X
136. Nukapingwa Glacier (Elles) 80°52.9' 82°58.1' 48 WX
136. Van Royen Glacier (Elles) 80°53.2'  83°10.5' 1L L L X .
137. Shirley Glacier (Elles) 80°50.0'  83°25.0' 2 L2
138. Blackwelder Ice Cap (Elles)  80°38.0'  85°00.0' 117. o
139. Agassiz Ice Cap (Elles) 80°25.0'  75°00.0' 17326. ... .8888 SSSSSSSSSS  SSSSSSSSS.
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water-transfer disputes with the United States as flow in the Columbia
River declines. If a warming climate creates more demand for energy, the
hydroelectric-generating companies may be obliged to revisit some of their
earlier proposals. All of these situations involve glaciers and may lead to
the restoration of some previous studies and the initiation of new ones.
However, as qualified and experienced scientists retire, a new generation of
glaciologists will need to be trained.

Interest in past and present climates is expected to continue and even
increase. Impact and adaptation studies funded by the Government of Can-
ada’s Climate Change Action Fund indicate renewed interest in water
resources, including glacier hydrology. The Canadian CRYSYS (Cryospheric
Systems Research Initiative), a Canadian contribution to the National Aero-
nautics and Space Administration Earth Observing System (EOS) Program,
includes a glacier/ice cap theme as part of a government/university partner-
ship. In the first decade of the 21st century, we will probably see a redrilling
on the Agassiz Ice Cap [139]. Additional drilling programs are in the plan-
ning stage for Barnes Ice Cap, Baffin Island, and on Mt. Oxford, Ellesmere
Island, Nunavat. After a long and patient wait we can also expect Trapridge
Glacier [4] to surge and, thanks to all the preparatory work that has been
done by Garry Clarke and his colleagues, to provide valuable new insights
into the mechanism of surging glaciers, perhaps finally answering the ques-
tion “why do some glaciers surge and what are the process(es) that cause
some glaciers to surge?”

A promising recent development has been the establishment of a
National Glaciology Programme (NGP) in the Terrain Sciences Division,
Geological Survey of Canada (GSC), Natural Resources Canada. In 2001, a
new ice core from a glacier on Mount Logan was obtained as part of this
program. The NGP of the GSC also provides a national correspondent (Can-
ada) to the World Glacier Monitoring Service, Ziirich, Switzerland, who is
responsible for the annual submission of glaciological data, including fluctu-
ation of glaciers in Canada, and mass-balance data from the Place, Peyto,
Helm, and White Glaciers. Glaciologists with the NGP (GSC) and the Inter-
national Glaciological Society (Cambridge, England, U.K.) also provided
information for the special issue of Canadian Geographic on Canada’s gla-
ciers (Anonymous, 1998), including a fold-out map on the Glaciers of Can-
ada (Shilts and others, 1998).
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