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INTRODUCEION

The overall objective of this investigation was to uti-
ligze Tandsat imagery to analyze qhanges in the Dronning
Maud Land coastline end to0 obtain statistical data on
ocean dynamics, plankton distribution, and sea ic€ and
icebergz distribubtion in this region of the Antarctic. .

_The specific objectives were as follows:

1, To develop a technique for assessing the rate of
iceberg calving from the Droﬁning Maud Tand coast so that
the mass balance of Antarctica in general and of the
Dronning Maud Land Ice Dome in particular can be understood.

2. To study iceberg drift in the coastal waters of
Dronning Maud Land and te develop techniques for charting
marine currents in this area.

3. To determine the distribution and frequenc& of
large sheets of planktdn in these coastal waters in order
to better understand their relationship to the primary
and secondary production rates, and the geographic:
distribuiion, of organisms higher in the food chain.’

: . -

4. To study the statistical distribution of ssa ice
and icebergs in this area in order o determine anj i
prevailing patterns which_might'affeqt the selection of
a site for a new scientific station on the Dronmning HMaud
Tand coast. - ‘

The first imagery for this investigation was received

in August 1975, and over the following year altogether 67
imageries of the test area were received, from the
following periods:

February 1975 5

October 1975 15

November 1975 15

December .1975 = 14

January 1976 5

February 1976 13
This number of imageries were significantly less than

anticipated and plammed for. And it will be shown below
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that for most objectives of this investigation the
imageriss have been too few, and too unsystematically
collected, to allow quantitative conclusions. But at
the same time the potentizl of many of the methods have
been.verified. '

TECANIQUES

MSS -7 of all the negatives received have begﬁ copied
in BW at 1:1 mill scale, The other bands have aslso been
used for selecied imageries Ho attempt differentiation
betweesn ice floes aqd icebergs, and to identify areas of
plankton concentrations, with inconclusive results,

. The drift determinations of icebergs and floes have.
been done by tracing these on BW MSS 7 ftaken on successive
days. Correct pecsitioning has beem assured by having
parts of the ice shelf included in the imageries.

The frequency distribution of the size of the floes
has been determined from BW (1:500,000 scale) by & semi-
avtomatic planimeter. -

Some of the imageries have been inves?igated in an
additive colour viewer %o attempt delineation of -areas of
plankton concentrations. This investigation was negative.

The best method_to distinguish between the ice:shelf
edge and the fast ice, and to bring 6ut jice rises on the
ice shglf, has been to copy the MBS T negatives aty ‘

5 ~710 times "normal' exposure.

RESULTS

Assessing rate, of iceberg calving -to evaluatle mass balances

P v v g et P s e ot e o e e Ak et e e e M e e R e e i e e e e e S 524 m 8 B o A Pt e e e

Eigé. 1 a2nd 2 show the Dronning Maud Tand coastline
from 10%Wto 29°E, as determined from Lahdsat imagery)
and a comparison with former mapping. The map has been made
at scale of 1:1 mill, and the Tandsat imageries have been
ﬁositioned by use of rock outcrops of known ﬁositions,
which in some cases have involved making a strip, of
imageries taken sequentially, to make the tie from outcrops
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to the coast. The former mapping is based on agirphoto-
grephy mostly from 1951/52 and 1958/59 with limited ground
control, and exists mostly as unpublished maps here ai
Worsk Polarinstitutt. Some of the-differences in coast-
line shown in Figs. 1 and 2 mey be due to errors in the
earlier mapping, or in positioning of the Landsat imagery.
Examples of this may be the coastline from'lé to 21°8 in
Fig., 1, the impression is that the two coastline , s
determinations show the same shape, and that s~*etchlng/
compressing the older mapping in the east/west direetion
would bring the two determinations into close accord.
That errors are present in the east/west determinations
of the earlier aerial photography -is very likely. o
The major changes between the earlier photography
‘and’ the Landsat imagery must be real, however, In Fig. 1
:are shovm five areas where the differences in coastline
deterninations most likely are caused by calving of large
parts of the ice shelf, Area A, Trolliunga, broke off
around 1967 as was described in our proposal for this
investigation. We believe that {the calving of areas B,
C, D, and E have not been described before. _Oiose
inspection of Fig, 1 will also reveal many smaller areas
of differing coastline, which have a form indicating that
these differences too are caused by calving. However we
are hesitant to evaluate these because of the obv1ous
uncertainties in the positionings. Areas A - E covér a
total of 6,275 kmz, vhich assuming an average thickness
of 200 m equals 1,255 kms. This correspends to an average
- minimum calving rate from this part of the Antarctic
coastline-of arouad 60 kmﬁ/year. This clearly is a very
pinimum determination, as only a few large areas are
included, and as no account is taken of the changes in
coaétline caused by the outward movement of the ice shelf,
The calving of the ice shelf takes place at intermittent
and possibly irreguvlar intervals, and determinations over
many more decades are probably needed for accurate assessment
of the average calving rate. On the assumpbtion of steady
state the average calving rate should equal the rate of
mass outilow. t is interésting to note thet the mass
outflow computed from jﬂis same secctor by Budd, Jenssen and
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Radok (1971, p. 41) is about 100 km”/year, Cpnsidering

the errors of our m1nlmum estlmate, as well as the errors
clearly present In their estimate, these two estlmaues
.are in good agreement.

' The comparison between the earWiev map of the coast
and that made from the Tandsat. imagery is espe01ally
hampered by the lack of ground control in the early air
photography. It was hoped during this 1nvesb1gat10n to
make more precise comparisons, by meking several ﬁaps from
repetitive Tandsat imagery, and thus determine outflow -

- rates and areas of large calvings. We believe that thﬁs
still is a feasible project, and that The épplicability
of the technique is demonstirated by the above resulvs.
Unfortunately, however, we have not received an& imagefy
' which has pefmi%ted us to carry out this pért of the
project. We have received only a few instances of
renetitive coverage of the same area at time intervals
greaber than one month and none greauer ‘than three months.
These have been examlned Tor any changes in the coastllne,
but -no changes have been detected. The fastest ice
shelves have an oubward movement of around 500 m/year, 50
with the Tew e§ggples We have it would have been very
Tortuitous should we have been able to defect éhanges
over Such short intervals, VWhat we needed were 1magery
coverlng an interval of minimum one year pre|Efably
with 1Queﬁmed1aue imaegery as well. . ’ f‘
Despite the Wack of such imagery, we belleve the
results of this part of the invéstigation %o be olgn1¢1canu
and useful. We have been able to produce a,cqastline map,
which will now sérve as reference tofcdmpare with future
- mapping., This is an important result, even though the

map contains some defects. As will he apparent from
Figs., 1 and 2, there are some gaps, notadbly from 6 to 2 W,
‘and at 15°B. Ve would also have liked better control
on the positions, as we know that there can be errors in
_ the Landsat positions (Nye and. Thomas ,1974). We were able
"to make a small test of the 1atter durlng the 1976/77
Norweglan Antarctlc Research Expedltlon, which pos1t10ned
the cozastline from about 4i0W to © EO'W, with an estimated



-7 -
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precision of % 200 m. We were able 0 compare this with
the coastline on imzgeéry 2034-08125, which extended. to
10%w, and.the'erfors in the image were fdund_to be less
than 500 m.  Howgver, a thin eloud bank obscured the
coast on the 1magery to such an exbent that it is not
possible to dellneate the coast w1th absolute confidence
(Fig. 2), and for this reason we cannot closer estimate
the positioning precision of éhis image. ~During the
planned 1978/79 Norwegian Antarctic Research_Expedifioﬁ
we intend to make pogition @eterminatiéns of the whole )
coast covered by Fig. 1. This control will allow us %o
meke a better assessment of the reliability of the
Lendsat~determined coastline.

e ) Tt .t e -—.—..-..-.._.——.....-...—-—.—..-.

Flg. 3 shows 1mager;e$ at successive dates (18 and
19 December 197%), from which &rif%_speed determinations
‘Were made of the cluster of (probably) icebergs and floes
- around 6° < 7°B. The ice moved westward at between 12
and 20 lkm/day, with most deberminationsin thé lower range.
The- only other instance of lLandsat 1maaery su1f101enbly
" close “in: Gime and space to_allow drift determlnavlons
oovered a three day period Irom 27 to 30 October 1975,
when velocities varled between 9 and 13 km/day, with an
average of 10 km/day. - ‘This “took place at 3% -~ 598, the
‘ice was mov1ng westwards and there was a divergence in
the field amountlng to 1.0x10 5/sec. These velocities
are close to the dgte{mlnatlons by Tchernia (1974) and
Swithinbank, McClain and Little (l977),tan@ the feasibility
of the method is élearly demonstrated, But the data set-
is too small to make any conclusions about the marine-
currents in +he area.

A particular problem that we have not resolved
satlsfaotor11y is to distinguish between ice floes and
icebergs, Ve expected to be able to dlstlngu1sh between
these at low sun angles Dby the shadow of the‘iéebergs,
which are approximatély'zo_ﬁ.abofé sea level. Howéver;
when floés and bergs are together there is commonly open
water on one side of icébergs, because of_différential
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movenments, making it often impossible to distinguish the
shadow of the berg, On the other hand it cannot be
assumed that open water within an icé mass indicates
presence of icebergs. S

A second method by which we had hoped to distinguish
between floes and %ergs was to use imageries at different
¥SS bands. We expected that the sea ice, which at vimes
is wet with sea water, should be distinguishabdle from the
icebergs., Because the imageries of floes/bergs available
have been mostly'from early in +the season {(October to
December), when both the sea ice and the bérgs-ére'covered
by snow, it has not been possible to verify this.
satisfactorily. This question can probably not be solved’
‘withoﬁt some grouad Truth, TFor example, we consider it
1ikely'that Fig., 3 shows some icebergs surrounded by sSea
iée, but without ground vruth we cannot prove this, -The
siiapes are of course also important, 1f the shape is
rectangqiar “hen the chances increase that the object is
an. iceberg.- ‘ ’

A combination of several remote sensing technigues
- would probablj resdélve these @uestions,)and there is no
doubt thet repetitive imegery of an area with rebognized
floes and bergs would be a cheap and very useful tecnnigue
for Fhar%ing the marine currenté._ Beqausé Fhe f;oes_
are essentially surface wind/current driven, While the
bergs show the combined effect of the surface winds and -
the integrated ocean currents down to 2-300 m, the
tracking of both together would give much chaﬁographic
and metveorological information. . ' l

s A S g e g et s W Tyt e o Pt Yoy g Py e e e S g e e ot Ty o et e e i e et P s s $re e g Ay et ey Py mp e B e v e P

Distribution and frequency of large sheets oX_ plankton

This aspect of the investigation was inconclﬁsive.
We did not detect any sheets of plankton, despite various
attempts at technical enhancement to bring out the
expected brown-red coloured sheets. One reason for the
failure was that we received very little imagery that was
suited for this part of the investigation. -From bilological
considerations it was clear that the best possibility of
detecting the plankton was on mid—late.summer imagery.
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with large areas of open water. Of the 67 scenes received,
only four taken in December or later in the summer
contained 1arge‘significaht areas of open water. In
_¥iew of the results of the 1976/7? Nofwegién Antarctic
Research. Expedltlon thls number was clear1y 50 small uhat
" it would be very upllkely thau planyuon sheets should be
:1ncluded in the imageries, On that expedition an echo-.
gounder was run over 10,000 Ion track line dufing January
and February 1977, with only small regisérations of
- zooplankton, and only atv one occasion were“plankﬁoﬁ'swarms
seen at.theléurface. "The larger amounts of zooplankiton
were cbserved 2,000 kms north of AntafCulca, and only
small catdhes were made nedy Dronning Maud Land. Thus
we believe uhat the zooplankton possibly is not as Dlenu1¢u1
near the cqulqent as has-been suggeSued by some, The
1mager1es ve ‘had available to test this guestion were
cleafly insufficient.

" Table 1 shows the frequency distribution of. the -
size oI the fioes, =28 determinmed from BW (1:: 500 OOO) by
a saml-automatwc planimeter. Six cases during October
and Woveﬁber 1975, covering aluogether an a“ﬂa of over
72,000 ¥m?,
high cloudwpess it was not p0551ble to find Sﬁi%able

fhave boen,con31de£ed (Lable 1}): - ng@use-of

imageries for the rest of the 1nve5ulgaulon period. Only

floes with an area greater than 10 km have been cbnsidered,

as the determination of “fhé area of snaller floes-becomes_

unreliable. o '
“Around Svalbard in the Arctic there is an indication

of a bimodal distribution in the floe sizes (Vinje:

Landsat Investigation'Nd 28 540, Final Report) ‘-This is”

not established in the more limited materlal from Antaretica.

Instead there is a more or less irregular decrease of the

percentage coverage from about, 6 towards 1~ 2% as the

sizes of the floes increase from 10 to 100 km2

area of the 636 floes considered 1s 30 kmz
lable 2 shows the percentage covered, with respect

The mean

to the total amount of ice,. of the different flée sizes.
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Table 2

Percentage COﬂurlqulon to the total ice covered area of

-:;-..,. S

T LTEEs 0f various cSIzes. st ses i ot

LI

Imagery- Ice covered area,km® Floe-size intepyéls,kmz
Pable 1+ o 0-10  10-100i ~ above 100
A 9380 37 29 - 34
B 9680 34 35 .31
¢ 6710 26 49 .. 25
D 8940 23 44 7 - 33
B 7070 22 . 47 31
F 6710 48 38 ¢ 14
Hean 8080 32 40 T 28
= oaw - JURS .. - L) .« 7 ERRERE ] TN ey ?

The table shows mostly only small différenceé in'thé_
percentage coverage Irom class to class. . This_indicétes
that the number of floes roughly changes with a factor of.
10 from class 4o class; i.e. an exponential rélaﬁinh;hip ‘
-between number and ares of floes. - .
It was intended to evaluate the’ sed icé digtribution

to determine any pre%ailing patterns that might affect’

the selegtion of a station site, As should be ciear from _
the previous remarks, there were too few su1tab1e 1mage;1es
available %o make any approach at ph S probiem. We needed
repetitive imagévy of the coast from Jaauary and February ‘
to recognize those possible areas where the fast ice

and ice floes might hinder access.

ther resulis

One important result of the investigation has been
the recognition of several ice rises, that could be
important sites for fuiure ice drillings for paleoclimatic
studies, Thege ice rises are shown on the map, Flg. 1,
and in Fig. 4, and as d1scussed 1ﬁ the  3rd Quaruerly Reporu
of this 1n¢est1gatlon, they have been most- eesily -
-discovered, by making overexppsed copies of bhe_MSS T

- imagery. Table 3 gives thé diménsions of the iée rises,
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as measured from BW 1:1 mill imageries

Table 3
Tce rise position ~ Length,km Vidth,lm Length/width
1) 71%25's, 1°00'w 31 17 0.55
2) 7o°3o's, 3°00'E 32 19 0.59
3) 70°20's, 4°30'E 29 19 0.66
4) 70°20's, 5°30'E 13 10 = 0.7
5) 70°10's, 6%350'% 12 9 0.75
6) 70°20's, 7°30'E 31 19 0.61
7) 70%20's, 9%00'E 42 24 0.57
8) 70°10's, 26%00'z 41 34 ~0.8%

The ILandsat eries have also provided much other
information on land phenomena., The major ice streams are
shovn with their flowlines, and blue ice field and snow
drift patierns are clearly brought out. One interesting
and unexpected discovery was the significant melt phenomeng -
shown in Fig. 5 a) and b), from 10 Januvary and 14 February,
1976. Ve see here a blue ice field, which, presumably

lower albedo, experiences significant melting,
henomena extending many kms dowvnslope

Some of the darker areas could at t glance be mistaken.

G‘

—

firs
for solid rock, but examinations of all MSS bands show

that the phenomena become very indistinct in bands 4 and
5, and it is clear that the imagery shows only wated, snow
and ice, Note also the persistence of the snow drift

patterns south of the melt phenomena.

SIGNIFICANT RESULTS

As the area of this investigation is remote and not
easily accessible, it is clear that the Landsat imageries
will give original information of great interest. The
most important result in our view is the production of a
nearly complete map of the Dronning Land coastline from
10°W to 29°B. Based on this we have determined that for
the past 20 years the minimum calving rate from this part
_of the coastline has been 60 km’/year. The coastline map




Fig. 5 a) Part of Landsat imagery 2553-05581, liSST, taken on 10
Jaruary 1976, at scale 1:1 mill, with centre of picture at 70°45'S,
27°E, oriented with N,. and dowmslope, upwards parallel the short
sides,. :

Fig., 5 b) Part of Laﬁdsat imagery 2388-05515, MSS7, taken on 14
February 1976, with scale and orientation as for Fig., 5 a), and
covering approximately the same area. Note the various melt
phenomena éxtending downslope from blue ice fields, and the un-
changing pattern of‘Ehe snowdrifts south of the melt features,

RGF T
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will also serve as an imporiant data set to compare with
future studies.

We have measured the drift speeds of ice floes and
bergs to between 9 and 20 ?ﬂ/dﬁ , and we have found that
the number of ice floes of given size decreases
exponentially with size, so that each size class covers
approximately the same area,

Ve have identified and measured a series of ice
rises, which could be important localities for future
paleoclimatic studies. Ve have also discovered large melt
phenomena at blue ice fields around 70 45'S and 26~29 E,

COIICLUSIONS

e received only about 1/4 of the imageries planned
for this investigation, and the resulting lack of repetitive
imageries has prevented us from reaching satisfactory

conclusions about most of the problems this investigation

On the other hand, the number was adequate

to prove the potential of most of the planned investigation.
£ I 5]

L 2 %

The Tandsat imageries have clearly a remarkable potential

.

for investigation of many problems in

(=

inaccessible areas,
with which costly expeditions cannot hope to compete.

For us working in polar areas the Landsat imageries already
available will constitute an important data source, and

we hope that future devélopme:ts will be such that we can
continue to receive imageries of Antarctica,
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