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ABSTRACT

The glaciers of Iceland have been studied by scientists for
nearly 200 years, and variations have been monitored for
about 50 years. Although maps of the principal glaciers
appeared in 1792 (Pdlsson), 1844 (Gunnlaugsson), and
1901 (Thoroddsen), modern maps were not available until
the Danish Geodetic Survey conducted plane-table surveys
JSrom 1904 until just before World War I1. Several series of
modern maps prepared by using aerial photogrammetric
techniques, by the Defense Mapping Agency (U.S.) and/or
the Icelandic Geodetic Survey, have been published since
World War II. Aerial photographs of Iceland’s glaciers
were first acquired in the 1930’s. Aerial photographs of most
of Iceland have been acquired twice by the United States in
1944-45 and in 1956 and 1969-61. During this same period
the Icelandic Geodetic Survey has also acquired aerial
Photographs of selected areas of Iceland.

Periodic monitoring of Iceland’s glaciers, usually on an
annual basis, was begun by Eythorsson in the 1930’s. After
his death, the annual measurement of glacier variation has
been carried out by Rist. At the present time about 40
positions are measured annually, including the 3¢ Inter-
natiwnal Hydrological Decade (IHD) index-numbered
Slacier margins. This represents about 12 percent of the total
number of named and unnamed glaciers and outlet glaciers
that could be monitored annually (total about 330).

For the past 10 years (1972-82) the Landsat series of
satellites has been imaging Iceland’s glaciers. Successive
Landsat images acquired by U.S., Canadian, and Swedish
recerving stations have provided new information about the
Slaciers of Iceland and have also provided a new way of
monitoring changes in glacier area and changes in positions
of glacier termini and margins of ice caps. Although satellite
glaciology of Iceland is only in its infancy, the following
Studies have been completed by different scientists: glacier
advance and recession (including surging glaciers), effect on
the glacier surface of subglacial volcanic and geothermal
actiity, effect of jokulhlaups, glacier flow, ablation
phenomena, and geomorphic, structural, and tectonic studies
of the subglacial terrain. Landsat images have also been used
to produce special image maps of Iceland’s glaciers.

INTRODUCTION

Iceland abounds in dynamic geological phenom-
ena which, for over 200 years, has attracted the
attention of geologists. Special scientific emphasis
have been directed at: (1) its geothermal areas
(especially the occurence of hot springs and
geysers), (2) its frequent volcanic activity and great
diversity of volcanic landforms, and (3) its glaciers
and the landforms produced by glacier action. It is
Iceland’s glaciers that are the subject of this paper,
including a discussion of how the rapidly develop-
ing technology of satellite remote sensing is being
used to provide a periodic and permanent record, in
image form, of changes in the following physical
characteristics of its glaciers: surface area, ice cap
margins and glacier termini, and surface features
caused by glacier flow or subglacial volcanic and
geothermal acitivity.

OCCURRENCE OF GLACIERS

Glaciers in Iceland occur principally as ice caps
or outlet glaciers from ice caps. Figure 1 is a sketch
map showing the 13 principal ice caps of Iceland.
According to published maps, books, and journal
articles there are 33 separate glaciers (geographic
place names of ice caps (not including outlet glaci-
ers) and cirque glaciers where the suffix jokull
occur) in Iceland. Most of these glacier names were
listed by Thorarinsson (1943) in his discussion of the
areas of Iceland’s glaciers. From published maps,
books, and journal articles, however, there are actu-
ally a total of 85 separately named outlet glaciers of
the 13 individual ice caps out of a potential total of
about 330 separate named and unnamed ice caps,
outlet glaciers, and other types of glaciers (mostly
cirque-type) which can be identified on maps of
Iceland at a scale of 1:100,000 or smaller. The 13
major ice caps, all of whose areas exceed 20 km?, are
listed in Table 1.
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Fig. 1. Index map showing the 13 principal ice caps of Iceland and the 34 International Hydrological
Decade (IHD) index numbers assigned by Rist (1967 and 1977) to the individual outlet glaciers (of 6
different ice caps) and cirque glaciers (3 different ones) monitored annually (see also Table 1).

Mpynd 1. Prettin helstu joklar d Islandi og 34 jokulspordar par sem hop og framskrid er melt.

OBSERVATION OF GLACIERS

The glaciers of Iceland have been observed by
Icelanders since the time of settlement about 874
A.D. Thorarinsson (1960) noted that Sveinn Padlsson,
the Icelandic physician-naturalist and pioneer
glaciologist, made many astute observations of the
principal glaciers in Iceland in the late 18th cent-
ury. Pdlsson’s original handwritten manuscript, in-
cluding four sketch maps and 8 perspective draw-
ings (1795), was translated in toto from Danish to
Icelandic and published by Eythirsson in 1945.*
Thorvaldur Thoroddsen was the next Icelander to ex-
tensively study and publish scientific reports on
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Iceland’s glaciers (1892 and 1906). His 1892 paper
was the first systematic attempt to determine areas
and provide other scientific information about the
glaciers of Iceland. Thorarinsson (1943) compiled a
table of the areas of Iceland glaciers which was
based on 1:50,000- and 1:100,000-scale, pre-World
War II maps of the Danish Geodetic Institute and
Thoroddsen’s work. The systematic measurement of
the annual variation of the position of outlet glaciers
and ice cap margins was begun by the Icelandic

* An English translation of Palsson’s original work has recently
been completed and is presently being edited by the author (Willi-
ams).
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meteorologist-glaciologist, Jon Eythirsson, in the
1930’s (Eythdrsson 1949 and 1963). With the public-
ation of Jokull, beginning in 1951, glacier variation
data have been reported nearly every year since.
After Eythorsson’s death, Sigurjon Rist, the Icelandic
hydrologist-glaciologist, assumed the responsibility
for annual reports. In 1951, Eythirsson had reported
on the position of 26 outlet glaciers or glacier
margins of 8 different glaciers (Eythdrsson 1951). In
1977, Rust reported on 40 of 61 monitored outlet
glaciers or glacier margins of 11 different glaciers.

Although the annual monitoring of the position of
40 different glacier termini or ice cap margins re-
presents a significant effort, it includes only about
12 percent of the 330 named individual glaciers and
named and unnamed outlet glaciers of the various
icecaps in Iceland which potentially could be
monitored annually. It should also be noted that the
current position measurements are ~spot” mea-
surements and represent only a “’sample” of the
overall state of Iceland’s ice caps.

MAPS OF ICELAND‘S GLACIERS

Palsson’s maps (1795) of Vatnajokull (Klofajok-
ull) in 1794, Eyjafjallajokull (including Myrdalsjok-
ull) in 1795, Langjokuli in 1792, and Hofsjokull
(Arnarfellsjokull) in 1794 were the first attempt at
the scientific mapping of Iceland’s glaciers. Thorodd-
sen’s Geological Map of Iceland” (1901), which
was based on field surveys (1881-98) and Gunnlaugs-
son’s map (1844), portrayed nearly all of the glaciers
of Iceland in their approximate geographic
location. Both Padlsson’s and Thoroddsen’s maps of
glaciers however, can really only be used in a
qualitative sense (see Table 1). For example, Palsson
referred to present-day Ok (with a small glacier) as
Okjokull, and Thoroddsen (1901 and 1906) mapped
Glamujokull (230 km?) on present-day Glama (no
present glacier).

The modern mapping of Iceland’s glaciers was
begun by the Danish Geodetic Survey in 1904, and
the plane-table surveys continued until just before
World War 11, resulting in complete 1:250,000- and
1:100,000-scale maps and some 1:50,000-scale
maps of Iceland. The U.S. Army Map service com-
pleted new 1:250,000- (Series C562) and 1:50,000-
scale (Series C762) maps of Iceland after World
War II, using aerial photogrammetric surveying
techniques. The U.S. Defense Mapping Agency
and the Icelandic Geodetic Survey are currently
preparing a new series (G761) of 1:50,000-scale

6 JOKULL 33. AR

maps of Iceland. The Icelandic Geodetic Survey is
currently preparing a 1:10,000-scale orthophoto-
map series. The Icelandic Geodetic Survey also
publishes special-purpose maps at various scales, in
addition to periodic revisions of the 1:100,000- and
1:250,000-scale Danish Geodetic Survey maps.

IMAGING OF ICELAND‘S GLACIERS

Although aerial photographs of the glaciers of
Iceland had been used by some scientists, such as
Iwan (1935), who published oblique aerial photo-
graphs of glaciers taken from a Zeppelin, the
Danish Geodetic Institute acquired the first aerial
photographs of Iceland’s glaciers in 1937 specific-
ally for topographic mapping (Norlund 1938). Six
oblique aerial photographs of Vatnajokull, taken by
the Danish Geodetic Institute in’ June and August
1937 from 3600 m, were published by Ahlmann
(1937).

In 1944 and 1945, the U.S. Army Air Force
acquired vertical aerial photographs of most of Ice-
land. After World War II, the Icelandic Geodetic
Survey assumed responsibility for acquisition of the
vertical aerial photography of Iceland to support
map revision needs and to support special map
projects for other agencies (for example geothermal
research, site planning for hydroelectric power
projects, road construction, etc.). In 1956 and from
1959 to 1961 (Project 55-AM-3), the U.S. Air Force
rephotographed most of Iceland to support a new
1:50,000-scale map series (Series C761).

There have been a number of miscellaneous
aerial surveys of Iceland since 1960, mostly in sup-
port of special research projects. The U.S. Air
Force, the U.S. Navy, and the National Aeronautics
and Space Administration (NASA) all conducted
limited aerial surveys in Iceland during the 1960’s
and 1970’s.

Beginning in September 1972, the first in the
Landsat series of satellites (three more were launch-
ed in 1975, 1978 and 1982, respectively), began to
acquire Landsat images of Iceland, providing a new
source of information about Iceland’s glaciers.
During 1973 the best images of the ice caps of
Iceland were acquired, although a few excellent
images have been acquired in recent years by
Landsat receiving stations in Canada and Sweden.
Landsats 1, 2 and 3 multispectral scanner (MSS)
images have a maximum picture element (pixel)
resolution of about 80 m; Landsats 1 and 2 return
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beam vidicon (RBV) images have a similar pixel
resolution, but the Landsat 3 RBV image has a
pixel resolution of about 30 m.

Aerial photographs and satellite images of glaci-
ers are considerably more useful than conventional
maps to glaciologists because: (1) they represent
original source material; (2) they are acquired on a
specific date at a specific time, important in studies
of dynamics of glaciers; and (3) they portray con-
siderable detail of areas peripheral to glaciers. Most
maps lack those attributes needed for glaciological
studies. In addition, aerial photographs of Ice-
landic glaciers, unlike Landsat images, can be used
for stereoscopic analysis of glaciological features.
Although aerial photographs provide considerable
detail for most of the glaciers of Iceland, they are
generally only available for 1944-45 and for 1959-
60, the two times of comprehensive aerial surveys.
Supplementary coverage is available of parts of
some glaciers from subsequent aerial surveys by the
Icelandic Geodetic Survey. Landsat images, how-
ever, are readily available to all scientists and
provide a sequential (time-lapse) view of the
glaciers of Iceland. The dynamic aspects of these
glaciers can also be inferred from changes noted on
successive Landsat images (within the resolution
limitations of such images).

The limitation in using aerial photographs to
produce a map of a large ice cap, such as Vatna-
Jokull, is in the discontinuous nature of the source

Fig. 2. Oblique aerial photo-
graph looking south across
the terminus of the surging
glacier, Eyjabakkajokull, as
it appeared on July 25, 1973,
after it had completed a 2.8-
km surge. Photograph by
Richard S. Williams, Jr.
Mynd 2. Eyjabakkajokull i lok
hlaups, 25. juli 1973. Ljdsm.
R. S. Williams.

material. Nearly all existing maps of Vatnajokull
are ’composites” of a variety of source material and
do not represent the entire ice cap as it was at a
single time (except for the two U.S. Geological
Survey Landsat image maps (1976 and 1977)). For
an ice cap as dynamic as Vatnajokull, published
line maps have serious deficiencies not only in the
portrayal of the ice cap margins but in the depiction
of proglacial lakes and surficial changes caused by
subglacial volcanic and geothermal activity.

SATELLITE IMAGERY OF ICELAND

Three types of civilian satellite imagery currently
exist of Iceland. The National Oceanic and At-
mospheric Administration (NOAA) series of polar-
orbiting weather satellites image Iceland daily with
a maximum resolution of about 1 km, too coarse for
most types of glaciological studies (Williams et al.
1974). During August 1978, The Seasat synthetic
aperture radar (SAR) instrument imaged most of
Iceland except for the south-west corner (Ford et al.
1980). It is the Landsat series of satellites, however,
which has produced the most useful, albeit dis-
continuous, coverage of Iceland and its glaciers for
the past 10 years, from 1972 to 1982.* (Williams et al.
1974; Williams and Thorarinsson 1974).

*  Gylfi Mdr Gudbergsson, Department of Geosciences, University
of Iceland, and the author (Williams) are presently compiling an
,,Index to Landsat Images of Iceland: 1972-82.” The index will list
images archived in the United States, Canada and Italy.
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From analysis af Landsat images of Iceland the
following types of glaciological phenomena have
been observed on individual or successive paired
images: (1) glacier advance and recession (includ-
ing surging glaciers), (2) effect on the glacier surface
of subglacial volcanic and geothermal activity, (3)
variation in proglacial lakes, (4) effect of jokul-
hlaups, (5) glacier flow, and (6) ablation pheno-
mena.

Glacier advance or recession has been noted on a
number of sequential Landsat images during the
past decade. Eyjabakkajokull, an outlet glacier in
the northeastern part of Vatnajokull, began to surge
in late August 1972, and had already surged about 1
km by the time of the acquisition of the first Landsat
image of the area on October 14, 1972 (1083-12023)
(Williams et al 1974). A September 22, 1973 image
(1426-12070) showed additional movement of 1.8
km. Figure 2 is an oblique aerial photograph of
Eyjabakkajokull as it appeared on July 25, 1973.

|

Figure 3 is a Landsat 3 RBV image (30157-11565-
D) 'of Eyjabakkajokull on August 9, 1978. The
Landsat 3 RBV image has nearly three times better
resolution than the MSS image and shows consider-
ably more detail (Williams 1979, Williams and Ferrigno
1981). The advance, during the past several years of
Hagafellsjokull eystri, an outlet glacier in south-
western Langjokull, can also be monitored on suc-
cessive Landsat images. An image taken on Sept-
ember 27, 1981, (22440-12034), shows that the
glacier has reentered Hagavatn and is now at
approximately the same position as it was on aerial
photographs taken on Project CJ20A by the U.S.
Army Air Force on September 23, 1945 (Sortie
1234, Roll 1-1, frames 137 and 138). A comparison
with the August 19, 1973 Landsat image (1392-
12191) shows an advance of approximately 2 km
across a 3-km-wide terminus during the past 8
years. Crabtree (1976) compared his field observa-
tions of Myrdalsjokull with aerial photographs and

Vatnajokull

Fig. 3. Part of Landsat 3 RBV image 30157—11565—D, which was acquired on August 9, 1978. This
Landsat 3 RBV image of the surging glacier Eyjabakkajokull indicates the amount of detail available on

such images.
Mynd 3. Landsat-mynd frd 9. agist 1978.
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three Landsat images (1392-12191; August 19,
1973; 1426-12070; September 22, 1973; and 1446-
12180; October 12, 1973) to document advance and
recession of the ice cap margin and termini of
several outlet glaciers. He also used Landsat images
to define the soaked zone from the percolation/dry
snow zone of the accumulation zone facies and
noted the ambiguity in determining exact position
of the termini of outlet glaciers when covered with
surface debris.

Subglacial volcanic and geothermal activity is
manifested on Landsat images as collapse caul-
drons of various diameters and related features.
The January 31, 1973,image (1192-12084) and an
enhanced September 22, 1973, image (1426-12064)
of Vatnajokull have been analyzed for a number of
investigations. An extension of geothermal activity
south into Vatnajokull from Hveradalur in the
Kverkfjoll area was discussed by Thorarinsson et al.
(1974). Jokulhlaups on Skaftd are related to the two
collapse cauldrons east of Hamarinn in western
Vatnajokull (Williams et al., 1974; Thorarinsson et al.,
1974; Williams, 1976). Thorarinsson et al. (1974) and
Bjornsson (1975) discussed a line of cauldrons north
of Skeidararjokull which are related to the March
1972 jokulhlaup from Grimsvotn. Tomasson (1975)
published a map of the path of this jokulhlaup based
on the Landsat image. Rust (1974), in his discussion
of the August 1973 jokulhlaup from Graenalén, a
glacier-dammed lake in southwestern Vatnajokull,
used successive Landsat images to calculate a 175
Gl reduction in volume of Graenalén after the jokul-
hlaup.

Landsat images have also been used as substitut-
es for conventional line maps (U.S. Geological Survey,
1976 and 1977) and as illustrations for scientific
articles: Steinthorsson (1978), in showing Bardar-
bunga, an ice-core drilling site in northwestern
Vatnajokull; and Bjornsson (1980a), to illustrate his
summary paper on the glaciers of Iceland. Thor-
arinsson (1974a) used a Landsat MSS color com-
posite of Skeidararjokull and environs as a dust-
Jjacket cover and as an illustration in his historical
review of Skeidararhlaups and volcanic eruptions
from Grimsvotn. He (Thoraninsson 1974b) also
used the low sun angle image of Vatnajokull in his
discussion of the morphology of Lakagigar and the
moéberg ridges southwest of Vatnajokull, Sugden and
John (1976) in their textbook, Glaciers and Landscape:
A Geomorphological Approach used a Landsat MSS
color composite on the cover and two other black
and white images of Iceland as illustrations in the

text. The cover of Science (v. 207, no. 4434, February
29, 1980) showed a computer-enhanced image
(1426-12070) of Vatnajokull. The cover of Jokull in
1978 (v. 28) carried a specially enhanced image
(1392-12185) of Hofsjokull, showing the prominent
subglacial volcanic landform in the southwestern
quadrant of this ice cap. Bjornsson (1978) used a
Landsat image of Vatnaj6kull to show the traverse
line of his radio-echosounding survey between
Tungnarj6kull and Grimsfjall and for comparison
with the cross-section showing ice thickness and
subglacier topography. Hoppe (1982) used the
computer-enhanced image of Vatnajokull (1426-
12070) in his discussion of studying the Earth from
space.

Unenhanced and specially enhanced Landsat
images have been used by various scientists for
analysis of geomorphic, structural, and tectonic
features concealed by Iceland’s glaciers (Williams et
al., 1973; Williams and Thorarinsson, 1974; Thorarins-
son et al., 1974). Williams et al. (1977) discussed how
the interpretability of the September 22, 1973,
Landsat image of Vatnajokull could be markedly
improved by computer-enhancement techniques
with computer-compatible tapes (CCT"s). Soha et al.
(1976) had applied a similar technique to the same
image of Vatnajokull to delineate reflectivity vari-
ations on the surface of Vatnajokull. These re-
flectivity variations were considered by Williams et
al. (1979) to portray the accumulation zone —
ablation zone facies (bare glacial ice, superposed
ice, saturated snow or slush, and wet snow) on
Vatnajokull. Delineation of the snowlines on Hofs-
jokull, Langjokull, Myrdalsjokull, and Eyjafjalla-
jokull was discussed by Williams (1976a). Miinzer
and Bodechtel (1980) used digital image processing
techniques of CC'T’s to analyze the subglacial topo-
graphy of and to map lineaments on Vatnajokull.
Bodechtel et al. (1979) compared Landsat and Seasat
synthetic aperture radar (SAR) images of Iceland,
including its glaciers, in their analysis of
morphologic and tectonic features. Hunting
Surveys Ltd. constructed a 1:500,000 - scale Seasat-
1 radar mosaic of most of Iceland which delineates
the glaciers of Iceland (Hunting Geology and Geo-
physics, Ltd. n.d.).

Contorted medial moraines or tephra layers in
Skeidararjokull visible on successive Landsat
images have been used to calculate the speed of flow
of this outlet glacier east of Graenal6n. During an
11-month interval, between October 14, 1972
(1083-12023) and September 22, 1973 (1426-
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12070), about 600 m of displacement had occurred
(Williams et al., 1974 and 1975).

Area calculations from Landsat images for Ice-
land’s glaciers have been carried out by Williams et
al., (1975), and Bjornsson (1980b). Bjornsson (1980b)
included some unpublished data of Williams, added
his own calculations, compared the results with
Thorarinssson’s previous area calculations (1958),
and showed the percentage decrease in area for each
of the principal glaciers of Iceland. Table 1
summarizes excerpts from the work of many
scientists who have calculated the area of Iceland’s
glaciers from published maps, aerial photographs,
and Landsat images.
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JOKLAR {SLANDS
KANNADIR UR GERVITUNGLUM

R.S. WILLIAMS, JR.
Jardfredastofnun Bandarikjanna

A sl. 10 dzrum hafa hin svonefndu Landsat gervi-
tungl (nr. 1, 2 og 3) nad allmérgum myndum af
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fslandi, sem komid hafa ad gagni vid joklarann-
soknir. Med pessum myndum ma a flj6tvirkan hatt
fi samtimis yfirsyn yfir stér svadi, sem adur tok
morg ar med venjulegri kortagerd og konnun 4
landi. Flatarmal jokla hefur nd verid mealt af
gervitunglamyndum og i 1. t6flu eru nidurst6our
birtar og bornar saman vid gamlar tolur af korti
Bjorns Gunnlaugssonar fra 1844, Porvalds Thor-
oddsens (1901—1906), donsku herforingjarads-
kortin og fleiri gégn. Af 60rum upplysingum sem
fengist hafa af gervitunglamyndum ma nefna gogn
um framskrid jokla, t.d. Eyjabakkajokuls 1972 (3.
mynd) og Hagafellsjokla 1981, um sigkatlana
nordvestan vid Grimsvotn, sem veita vatni i
Skaftd, og um ha0d snlinu pegar mynd er tekin. A
myndunum ma einnig sja moéta fyrir landslagi
undir joklunum og pvi koma par ad gédum notum
vid kénnun 4 eldst6dvum og jardhitasvedum undir
jokli, auk rannsékna a gerd jardskorpu sem hulin
er is (struktur og tektonik).



