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ABSTRACT: Permanent renewal of measurements of phenomena occuring on Earth 
sufrace — the main task of geodesy and cartography — is the important element of geodynamic 
studies of the Arctic and Antarctic regions. Insitute of Geodesy and Cartography participates in 
the program of research led by Pol ish Academy of Sciences for over 10 years, using 
conventional geodetic methods, as well as new types of data, acquired from satellite 
observations and through remote sensing techniques. This activity is evidenced by setting-up 
astronomical main points close to Hornsund Station in 1958, as well as at Arctowski Station in 
1976, where cyclic astronomical and satellite measurements were performed on these points. 
Geodynamic test site was organized in the Hornsund Region. As a result of these works 
numerous topographic and thematic maps were produced and m a n y scientific publications 
were prepared by Institute specialists. 

K e y w o r d s : Arctic, Antarctic, geodesy, cartography. 

Introduction 

Ins t i tu te of Geodesy and C a r t o g r a p h y has carr ied ou t geodetic, p h o t o g r a m -
metr ic and ca r thograph ic works within po la r research coord ina ted by the 
Pol ish Academy of Sciences ( C P B P 03.03 P r o g r a m ) for over 10 years. Geodesy 
has a t ta ined high posi t ion in these works ; Insi tute 's specialists are involved in 
the works of the Commi t t ee of P o l a r Research, as well as in the works of the 
Scientific Commi t t ee o n Antarc t ic Research (SCAR). M a n y specialists from the 
Inst i tute par t ic ipated in po la r expedit ions; four of them were the leaders of 
these expedit ions. As a result of this deep involvement several publ icat ions 
were prepared (or will be pr in ted soon); encluding m a p s of H o r n s u n d region 
and King George Island. 



412 Jan Cisak and Stanisław Dąbrowski 

Geodetic works 

O n e of the ma in tasks of geodesy is t o s tudy shape of the E a r t h a n d 
geodynamic processes existing in the E a r t h crust . Significant progress has been 
d o n e lately in the m e t h o d s used for measu r ing a n d record ing these processes. 
Several new m e t h o d s utilizing satellite techniques have been lately p repared . I t 
is n o w possible t o measure pos i t ions of poin ts o n the E a r c h wi th decimetres 
accuracy (Transit) , as well as wi th cent imeters and even mil imeters accuracy 
(GPS); so informat ion on p h e n o m e n a occur ing on the E a r c h surface can be 
remotely acquired. 

These new t rends a re evidenced by change of the n a m e of S C A R W o r k i n g 
G r o u p — Geodesy a n d C a r t o g r a p h y to the W o r k i n g G r o u p of Geodesy and 
G e o g r a p h i c Informat ions . 

Undoub ted ly , the mos t interest ing for the discussed studies is to acquire 
d a t a from the regions with sparse measu remen t s a n d informat ions . This fact 
was perfectly unde r s tood by Prof. Jerzy Jasnorzewski , w h o establ ished main 
po in t s a t the Hornsund S ta t ion in 1958 a n d a t the Arctowski S ta t ion in 1976 
a n d tried to de te rmine la t i tude, longi tude a n d az imu th of direct ion from 
as t romet r i c measurements . At Hornsund S ta t ion the m e a s u r e m e n t s were d o n e 
with very high accuracy (Jasnorzewski 1964), bu t at the Arctowski S ta t ion 
unfavourable a tmospher ic condi t ions m a d e p r o p e r m e a s u r e m e n t s impossible. 
As t romet r ic measuremen t s a t the Hornsund S ta t ion were repea ted by D r J a n 
Cisak in 1983/84, using the same Wild T 4 ins t rument a n d the same way of 
measu remen t s (Kawrajski me thod) . 

C o m p a r i s o n of the results of these measu remen t s was presented in the 
publ ica t ion (Cisak a n d Jasnorzewski 1988). T w o measurement s , performed 
with similar accuracy at 25 year 's interval , revealed difference in posi t ion of 
po in t in the form of vector of length of 25.6 m. So slight difference derived from 
two measu remen t s only, can be hard ly recognized as real m o v e m e n t of this 
point , because its value is within the m a x i m u m er rors of b o t h measurements . 
So th i rd measu remen t is needed to solve this p rob lem. 

T h e measuremen t s of pos i t ion with the use of D o p p l e r m e t h o d were also 
d o n e for the po in t a t Hornsund S ta t ion. Firs t m e a s u r e m e n t was performed by 
N o r w e g i a n g r o u p in 1985 using J M R receiver a n d the second by Pol ish t eam 
from I G i K with the use of Pol ish D O G 3 receiver. 

T h e results of as t romet r ic a n d satellite measu remen t s a re presented 
(Table 1). 

T h e results of D o p p l e r measu remen t s a re significantly different from 
as t romet r i c measurements . It is caused by difference in reference systems. 
As t romet r ic measu remen t s are related to the inert ial system, to the local 
vertical line, while D o p p l e r measu remen t s to geocentr ic system W G S 72. This 
difference mus t be k n o w n a n d remembered , when m a p s based o n different 
systems are compared . 
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T a b l e 1 

M e t h o d 
Pe r son respons ib le 
for m e a s u r e m e n t s 
D a t e 

<P A 

a s t r o m e t r y 
J a s n o r z e w s k i 
1959 

77 00 ' 03".57 1 5 ° 3 3 ' 3 6 " . 3 2 

a s t r o m e t r y 
C i sak 
1984 

77° 00 ' 04".25 15" 33 '33" .21 

D o p p l e r J M R 
N o r v e g i a n G r o u p 
1985 

77 00 ' 05".63 15° 32' 30".67 

D o p p l e r D O G 3 
I G i K 
1988 

77 00 ' 06" . 13 15° 32 ' 31 ".52 

This great difference between as t romet r ic a n d D o p p l e r measurements 
should be explained it the course of future research works , specially, when 
gravimetr ic measurements a r o u n d the po in t will be done . P r o g r a m of these 
measurements is current ly being prepared . 

G r e a t con t r ibu t ion to the geodynamic studies was in t roduced given in 1988 
by expedit ion, led by Dr . Andrzej P a c h u t a from the Technical Universi ty of 
W a r s a w . This g roup , coopera t ing with the ma in expedi t ion of Geophysics 
Inst i tu te , led by Dr . Stanisław Dąbrowski , set u p in the H o r n s u n d region 
geodynamic test net, consist ing of some very well firmly stabilized points . 
Angles and distances in this net were measured with high accuracy. Repet i t ion 
of these measuremen t s should enable t o de te rmine the m u t u a l m o v e m e n t of the 
test points . 

In J a n u a r y 1988 the t eam of I G i K , par t ic ipa t ing in the 12 th Expedi t ion to 
the Arctowski Stat ion, measured the posi t ion of Jasnorzewski point , using 
D o p p l e r D O G 3 receiver (Batke, Cisak and D o b r z y c k a 1989). The measure­
men t a t the Arctowski S ta t ion was the pa r t of the in te rna t iona l In te rcosmos 
D o p p l e r campaign . A m o n g the s ta t ion par t ic ipa t ing in this campa ign were: 
P o t s d a m , Penc, Zwenigorod , Ondrze jow, U l a n Bator , Borowiec and the 
George Forster ( G D R ) — the second Antarc t ic s tat ion. 

Observa t ions were sent to the Penc-Sta t ion coord ina t ing the whole 
compaign . Us ing G E O D O P 5 software c o m p u t a t i o n s of posi t ion of po in t were 
done . F r o m 311 satellite passes-utilizing „single po in t " m e t h o d — the following 
results were obta ined: <p = - 6 2 ° 0 9 ' 4 1 " and X = 301° 31 ' 49 : ' 99 . These da t a 
and the as t ronomica l az imuth are current ly used for o r ien ta t ion of new m a p s 
of this region. 
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Photogrammetric works 

P h o t o g r a m m e t r i c m e t h o d s a re of special i m p o r t a n c e a m o n g the surveying 
me thods . As it is k n o w n , field measu remen t s a re then d o n e indirectly, t h r o u g h 
p h o t o g r a p h i n g ter ra in with the use of special cameras ; af terwards res t i tu t ion of 
spatial loca t ion a n d measuremen t s of te r ra in features a re performed, using 
p h o t o g r a m m e t r i c ins t ruments . N u m b e r of field measu remen t s needed for such 
e labora t ion is small , c o m p a r i n g to the a m o u n t of t e r ra in features, which can be 
m a p p e d using p h o t o g r a m m e t r i c p h o t o g r a p h s . 

It is also i m p o r t a n t for m a n y p h e n o m e n a , tha t these p h o t o g r a p h s a re the 
documen t , permi t t ing t empora l c o m p a r i s o n of the s ta te of s tudied object, i. e. 
moni to r ing its changes, their in te rpre ta t ion and measurement . However , it's 
wor th ment ion ing , tha t direct c o m p a r i s o n of p h o t o g r a p h s , a l t hough p r o p e r for 
observing a n d interpret ing changes of object, can somet imes lead to the 
incorrect , e r roneous conclusion, as p h o t o g r a m m e t r i c m e a s u r e m e n t should 
a lways be referred to the same coord ina te system, in which the measu red 
magn i tudes are defined. So there is need to adjust p h o t o g r a m m e t r i c measure ­
men t s t o the po in t s of geodetical ne twork , which form framework for 
p h o t o g r a m m e t r i c works a n d define their reference system. So, for these 
measu remen t s geodetical f ramework should be first set; it m u s t be also 
checked, if it is cons t an t and up- to-da te . 

In Pol ish po la r research works aerial p h o t o g r a p h s have been no t t aken 
permanent ly . However , a few works were performed o n the basis of such 
p h o t o g r a p h s . In 1979, dur ing the Pol ish Expedi t ion to the Dobrowolski S ta t ion 
p h o t o g r a m m e t r i c p h o t o g r a p h s of Bunger Oas is were t aken a t a scale of 
1:5 500, t h a n using these p h o t o g r a p h s a m a p at a scale of 1:5 000 was 
prepared . N e t w o r k of points , stabilized a n d measu red du r ing this expedit ion, 
was the geodetical f ramework for these works . 

In 1978, du r ing the Expedi t ion to the Arctowski S ta t ion, aerial p h o t o g r a p h s 
were taken from helicopter, mainly for pho to in te rp re t a t ion . These p h o t o g r a p h s 
were used for var ious themat ic studies, a m o n g o thers for m a p p i n g of coast l ine 
of Admiral i ty Bay on the 1:25 000 m a p , for geomorpho log ica l s tudies of the 
land a r o u n d the Bay, as well as for p repa r ing t o p o g r a p h i c m a p at a scale of 
1 :50000 . 

P h o t o g r a m m e t r i c aerial p h o t o g r a p h s of Spi tsbergen were t aken by N o r ­
wegian P o l a r Inst i tu te , courtesy of this Ins t i tu te they were accessible t o the 
Polish specialists, being a basis for m a n y themat ic e labora t ions . 

Aerial p h o t o g r a p h s taken in 1960/61 were used for e l abora t ing g e o m o r p ­
hological m a p of the H o r n s u n d region at a scale of 1:75 000, p r epa red by 
Ins t i tu te of Geophys ics of the Pol ish Academy of Sciences a n d Silesian 
Universi ty. 

In 1987 the topograph ic m a p of H o r n s u n d region, consis t ing of 10 sheets at 
a scale of 1:25 000 was p repared and pr in ted o n the basis of N o r w e g i a n aerial 
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p h o t o g r a p h s , t aken in 1960, 1961 and 1970, and Pol ish supp lementa ry field 
measurements . As a geodetic f ramework for this m a p t r iangula t ion poin ts of 
Norweg ian ne twork were used; they were par t ly u p d a t e d t h r o u g h measure­
ments performed in the course of activities of Pol ish expedi t ions. 

Aerial p h o t o g r a p h s , consider ing their range and possibili ty t o record all 
terrain details, are par t iculary useful for t opograph ic works and for the works 
covering large areas. 

P h o t o g r a m e t r i c p h o t o g r a p h s taken from g r o u n d s ta t ions have their own 
par t icular feature. In po la r regions, character ized by very diversified terrain 
relief, it mus t be taken in to account , t ha t visibility of some terrain features on 
the g r o u n d p h o t o g r a p h s will be limited. So these p h o t o g r a p h s mus t be taken 
from m a n y s tat ions, which must be proper ly p lanned, d is t r ibuted a n d located 
in the c o m m o n reference system, adjusted to the te r ra in framework. 

O n the basis of g r o u n d p h o t o g r a p h s several m a p s were prepared , e. g. m a p 
of Werenskio ld Glacier (Lipert 1987) and m a p of vicinity of the Hornsund 
Sta t ion (Dąbrowski 1985). 

G r o u n d p h o t o g r a m m e t r y can be par t iculary effectively used for measure­
ments of changes occuring at the front zones of glaciers (Dąbrowski and Lipert 
1984). Owing to mul t iyear p h o t o g r a m m e t r i c measu remen t s large a m o u n t of 
da ta , charakter iz ing changes of front zones of H o r n s u n d glaciers, was collected. 
Results of these works , for instance presented on 1:75 000 geomorphologica l 
m a p (Karczewski et. al. 1984) and on 1:25 000 t opog raph ic m a p (Barna and 
W a r c h o ł 1987). 

Moreover , m e t h o d s of g r o u n d p h o t o g r a m m e t r y were used for recording 
and analysing changes of m a n y p h e n o m e n a in t ime. T h e following studies can 
be men t ioned here: s tudy of water movemen t s in H o r n s u n d , s tudy of sea 
cur rents at the region of K ing George Island, changes of slope forms at the 
region of Hornsund Stat ion, changes and deve lopment of a coastil ine at the 
H o r n s u n d region, changes of snow cover a t the H o r n s u n d region. 

As an example , results of studies of m o v e m e n t of H a n s Glacier surface, 
conduc ted by Dąbrowsk i a n d Kurczyński du r ing Spitsbergen Expedi t ion in 
1987/88, are presented below. P h o t o g r a m m e t r i c measuremen t s were perfomed 
dur ing the whole year for points d is t r ibuted a long the line, perpendicular to the 
main direct ion of glacier flow, located over 0.5 k m away from the front of 
glacier. Specially p repared disks were the signals on the selected points . 8 cycles 
of measurements were performed from July 1987 till July 1988. The results are 
presented (Fig. 1, Table 2). 

P h o t o g r a m m e t r i c measurements of the glacier front were performed, at the 
same cycles. In this way, un ique d o c u m e n t a t i o n for the front zone of H a n s 
Glacier , collected t h r o u g h o u t the whole year, was obta ined . The most 
impor t an t conclusion d r a w n from these measuremen t s is, t ha t velocity of 
movemen t of glacier front is qui te different (much higher) from velocity of flow 
of its surface outs ide zone of large cracks and crevasses. 
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Dete rmina t ion of the a m o u n t of ice, pass ing by glacier as a result of calving 
on a basis of range of its front line only can be incorrect , if vo lume of cracks 
a n d crevasses is no t t aken in to account . A whole year 's measu remen t s of H a n s 
Glacier prove tha t s ta tement . 

Discussed above geodetic, ca r tograph ic and p h o t o g r a m m e t r i c studies, as 
well as examples of enclosed projects prove activity usefulness of these works 
for po la r region explora t ions . 

T a b l e 2 
Disp lacemen t of po in t s of H a n s Glac ie r surface a long the selected profile be tween 29. 07. 1987 and 

2 6 . 0 5 . 1 9 8 8 (pre l iminary s tudy) 

Di s t ance Disp lacement in m M e a n 
N o a l o n g 29 07 12 08 25 09 31 10 19 02 22 03 30 04 26 05 velocity 

profile 1987 1987 1987 1987 1988 1988 1988 1988 m./day 

1 310 0 3.1 3.6 4.2 4.9 0.016 
2 519 0 0.5 1.9 2.9 8.6 10.2 12.0 13.9 0.046 
3 706 0 1.1 4.4 6.9 19.7 22.9 28.4 32.1 0.107 
4 906 0 1.9 6.1 9.8 29.9 34.6 42.0 46.7 0.155 
5 1120 0 2.3 7.5 f2.7 37.5 42.7 51.4 57.2 0.190 
6 1392 0 2.2 8.6 14.4 38.0 43.8 53.1 59.6 0.198 
7 1655 0 2.6 8.5 13.7 36.7 42.7 52.0 58.9 0.196 

11 1921 0 15.8 36.6 41.6 49.5 56.5 0.188 
9 2140 0 4.4 7.7 13.2 33.1 38.6 45.3 51.9 0.172 

12 2377 0 8.6 22.1 25.7 27.0 36.8 0.122 
10 2655 0 1.4 2.7 9.6 12.3 12.3 13.7 0.046 
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Streszczenie 

Permanentne powtarzanie rejestracji chwilowych stanów zjawisk zachodzących na powierz­
chni Z i e m i - j a k o podstawowe zadanie geodezji i kartograf i i—jest istotnym elementem badań 
geodynamicznych Arktyki i Antarktyki. Instytut Geodezji i Kartografii uczestniczy w programie 
badań polarnych — prowadzonych przez P A N już ponad 10 lat, wykorzystując tradycyjne metody 
geodezji, jak również nowoczesne pozyskiwanie danych z obserwacji satelitarnych i przy użyciu 
metod teledetekcyjnych (por. fig. 1, tab 1-2). Rezultatem tej działalności jest założenie astronomicz­
nych punktów wiekowych w pobliżu Stacji Hornsund na Spitsbergenie (Arktyka) w 1958 r. i Stacji 
Arctowskiego na Wyspie Króla Jerzego (Antarktyka) w 1976 r., a także wykonywanie na nich 
cyklicznych pomiarów astronomicznych i satelitarnych. W rejonie Fiordu Hornsund założono 
ponadto pol igon geodynamiczny. W wyniku powstało szereg opracowań m a p topograficznych 
i specjalistycznych oraz publikacji naukowych. 


