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Abstract

The paper describes Finnish attempts to understand phenomena in the near Earth space by using
ground-based observations and later observations from space. The geophysical observatories and net-
works of recording instruments are described as essential tools. During the latest two decades, satellite
data have been combined with good results with the ground observations. These achievements are given
mainly in the form of references. Finnish research units have contributed in building satellite instru-
ments. Short description of the ongoing space activity in Finland is given.

1. Introduction and historical notes

Historical notes here refer mainly to the time before the International Geophysical
Year (IGY) 1957-58. A detailed history of geophysics in Finland for the period 1828—
1918 has been published by Simojoki (1978). The history of physics in Finland 1828—
1918 by Holmberg (1992) deals partly with the same persons and research programs but
more from the physics point of view. Below we mention the Finnish activities, which
we consider to have value for the study of space physics. Remote sensing using obser-
vations from space and astronomy are considered to be outside the topics of this paper.
S.-E. Hjelt’s article in this same issue of Geophysica deals partly with same observato-
ries and networks of recording stations as this paper and is recommended.

This paper is a common effort of the authors. Bosinger, Mursula and Kangas have
reviewed the Finnish studies of the near Earth space based on recordings of magnetic
pulsations. Nygren has collected the Finnish achievements in ionospheric studies.
Kauristie describes the auroral studies, and Koskinen presents the Finnish contribution
on building and developing space instruments and the scientific results obtained.

The authors like to thank J. Oksman for his comments on the part dealing with io-
nospheric studies, and E. Kataja and H. Nevanlinna for their constructive suggestions
and comments.

The study of space physics before the satellite era was based on ground observa-
tions of auroras, variations of the magnetic field, induced electric currents and reflec-
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tions of radio waves from the upper atmosphere, all supposed to be connected with the
phenomena in the near Earth space, controlled somehow by the Sun. For these observa-
tions, Finland like the other Scandinavian countries has an excellent location. Finland
lies at rather high latitudes, from 60°N to about 70°N, in the auroral zone or close to it.
The climate is tolerable due to the nearby Gulf-stream, so, in spite of the high latitudes,
the area has been inhabited long times and the conditions are favourable also for the
geophysical observations urgently needed from high latitudes where the physical phe-
nomena in space are possible to observe from the ground. In fact, Finland has a long
tradition in accurate ground observations of variations of the magnetic field, auroras and
other ionospheric phenomena. Geophysical observatories have been and are established
and equipped with best available methods and tools of the time for the recording of the
geophysical elements.

Before photographic or paper recording systems became available, eye readings
had to be applied. Such observations were made at the Helsinki Observatory starting
1844 (see below) and at the Polar year observatories in Sodankyld and Kultala, 1882—
1884 (see below). The new Sodankyld observatory (see below) since 1913 used photo-
graphic recordings but had to use oil lamps in the beginning in lack of electricity. Since
1980’s all recordings at the Finnish observatories and temporary stations are digital.
Table 1 below lists the essential progressive steps in observations and studies connected
at least marginally to space physics.

In 1838 a magnetic observatory was founded in Helsinki (the birth of the institute
now called Finnish Meteorological Institute) at lat. 60°10°N, long. 24°57'E (Nervander,
1850). J. J. Nervander (1805—-1848) was appointed director of the observatory in 1838.
Before the founding of the observatory, Nervander made a three year long excursion to
the main institutes dealing with geomagnetic observations. In Copenhagen he met Oer-
sted, in Gottingen Gauss and Weber, in Paris Bequerel and Guy-Lussac and in St. Pe-
tersburg Kuppfer (the actual initiator of the founding of the Helsinki Observatory) and
Lenz (Simojoki, 1978). The first published magnetic yearbook from the Helsinki obser-
vatory is for the year 1844. The observatory had to be closed in 1912 due to distur-
bances by DC-currents used in street cars. Only observations for the years 1844—1848
were published during Nervander’s time and after his early death in 1848 (Nervander,
1850). Recently, all available magnetic observations (about 2,000,000) carried out in the
Helsinki observatory have been treated in electronic form. Nevanlinna et al. (1992a,
1992b, 1993, 1994) have analysed the data and published comprehensive summaries of
magnetic variations recorded at the observatory, 1844—19009.

Finland contributed to the First Polar Year 1882—1883 by founding a complete
geophysical observatory at Sodankyld (lat. 67°24'N, long. 26°36 E) with an auxiliary
station at Kultala 115 km north of Sodankyld (Lemstrom 1885a, 1885b). Sodankyli
continued the observations an extra year. In Sodankyla, Lemstrém (1886a, 1886b) tried
to determine the altitude of auroras by triangulation method. He seems to have been fa-
miliar with similar attempts made in Greenland, in several places in Europe and by
Nordenskiold in the Bering Strait, all giving different results from a few kilometres to



Space Physics 311

more than a thousand. Sodankyld’s own measurements gave a rather low mean altitude
(about 40 km) with a large scatter of results. Short distance between the observers, only
4.5 km due to difficulties in getting longer telephone cables, explains the scatter. Lem-
strom concluded that the aurora was an electric phenomenon and even tried to artifi-
cially produce auroras using corona discharges (Lemstrom, 1886a; Lemstrim, 1886b).
He also presented a working miniature model where auroral discharges were produced
in Geissler tubes. Lemstrom handled in the same publication the atmospheric electricity
and presented a global model where the atmosphere has a positively charged conductive
layer at an altitude of 40 km or higher. He also tried to explain the physical mechanism
for the generation of the layer. It took almost hundred years before Tuomi (1984) in his
Ph.D. thesis presented the role of thunderstorms as the mechanism which keep up the
high potential (200-300 kV) in the global ionospheric layer.

In 1913, the Finnish Academy of Science and Letters (founded in 1908) estab-
lished a permanent geophysical observatory in Sodankyla, the Sodankyla Geophysical
Observatory (SGO), lat. 67 22°N, long. 26 8°E. Meteorological observations belonged
to the work of the observatory since its beginning. At that time the director of the FMI
was Gustav Melander (1861-1938). He deserves the main credit of the founding of the
SGO. Also Professor Ernst Bonsdorff's donation of 10 000 Finnish marks was essential
for the start of the observatory. J. Kerinen (Fig. 1) surveyed a large area in the rather



Fig. 1. Jaakko Kerdnen (1883-1979), the first director of the Sodankyli Observatory (1913-1917), later
director of the Finnish Meteorological Institute (1931-1953). (Unknown photographer, FMI
photoarchives.)
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magnetically disturbed surroundings of Sodankyléd before he found the present magneti-
cally smooth enough place (Kerdnen, 1973) In 1949 the Finnish Meteorological Insti-
tute (FMI) founded a complete meteorological-aerological observatory in the same area.
From January 1, 2001 the meteorological observatory was renamed to Finnish Mete-
orological Institute — Arctic Research Centre (FMI-ARC), as a result of its grown ac-
tivities.

Fig. 2. Sydney Chapman, Jaakko Kerdnen, Dan la Cour and his daughter Lise la Cour in Rovaniemi mar-
ket place in 1936. (Unknown photographer, FMI photoarchives.)

SGO was until the end of World War 2 a one-scientist observatory. The first di-
rector was Kerédnen (1883-1979), later director of the FMI. After Kerdnen the directors
of the observatory were H. Lindfors (1917-1918), who fell in the War of Independence,
E. R. Levanto (1918-1921) and H. Hyyryliinen (1921-1927). Thereafter came E.
Sucksdorff’s (1899-1955) time from 1927 until the total destruction of the observatory
in the war in 1944. Sucksdorff (Fig. 3) was an enthusiastic scientist and could inspire
the best international geophysicists to visit the observatory. Among them were Dan
Barfod la Cour from Denmark, Sydney Chapman from UK., Julius Bartels from Ger-
many, Carl Stormer from Norway and many others, rather regularly colleagues from the
Scandinavian countries. The Second International Polar Year 1932—1933 was important
for the SGO. Before the beginning of the Polar Year the SGO acted as test station of the
new La-Cour magnetometers, which became standard instruments of most observato-
ries. Two auxiliary stations, Petsamo and Kajaani, were in operation during the Polar
Year. Sucksdorff’s interests were in the field of magnetic pulsations, which will be
mentioned later in Part 2 of this paper, magnetic activity (e.g. Sucksdorff 1942, 1955,
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1956), earth currents, auroral observations, atmospheric electricity, ionospheric current
systems Sucksdorff (1947) etc.

Fig. 3. Eyvind Sucksdorff (1899-1955), director of the Sodankyld Geophysical Observatory 1927-1944,
here making absolute measurements with the Danish QHM-instrument. (Photo by C. Sucksdorff, FMI
photoarctives.) :

Fig. 4. La-Cour variometers in the variation room of the SGO in 1930’s. (Photo by C. Sucksdorff, FMI
photoarctives.)

The rebuilding of the observatory was done in 1945-1950 under the leadership of
Sucksdorff. During that period the directors, who had to work in primitive conditions,
were M. Seppanen (985-A9KT) and T. Hitpeln (1962135, tn 1950 E. Kotaja (1021
was appointed director of the observatory. He continued the studies on the magnetic
activity along the lines started by E. Sucksdorff. When Kataja started as director, his
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staff was 2 persons, and in 1992 when he retired, the observatory had grown to a re-
search unit of 25 employees, one third academic. The following Parts of this paper de-
scribe the development from the point of view of space physics. Table 1 lists the essen-
tial steps. :

Fig. 5. Sodankyld Geophysrcal Observatory before total destmction in the Gemtan—Finmsh war in
Autumn 1944. (Photo by A. Nissinen, C. Sucksdoff’s collection.)

The ﬁnances of the SGO had always been problemauc because they were based
on annual applications to the Ministry of Education for a grant. After the World War 2
(1945) the subsxdy came from the proﬁts ef a state lottery. Therefore several attempts
were made to have the observatory finances included in the normal state budget. A
working group appointed by the Ministry af Education, using Finnish and foreign spe-
cialists, came in 1975 to the conclusion that the SGO. should be moved under the state
financed FMI, which operated a similar geeﬂh :

ysi ebservatory at Nurmijarvi. The
FMI also had its meteorological observatory in the same area as the SGO. The proposi-
tion was without result, because the Ministry of Finances opposed permanent additions
to the state budget. A new working group appointed by the Ministry of Transportation
and Communications, Publication 6/92, came to the same conclusion and proposition in
1992. A memorandum of a working group of the Ministry of Education to clarify the
status of the SGO (Memorandum 35:1995) suggested that the SGO should be a separate
unit of the state under the Umversity of Oulu (UO). The arrangement was strongly sup-
ported by the observatory staff It secured the SGO finances from the state budget.
August 1, 1997, the observatory was moved under the uo (Ministry of Education).
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Also the Finnish Academy of Science and Letters considered the UO to be a better host
for the observatory than the FMI in spite of the fact, that the FMI-ARC (Ministry of
Transportation and Communications) works in the same area. In 2001 the observatories
will get a common main building. A detailed description of the Sodankyli observatory,
its progress, directors etc. is to be found in (Kataja, 1973 and Kataja, 1999).

After Kataja the Academy nominated T. Turunen (1946-) to the director. He had
distinguished at the observatory in many ways especially in ionospheric studies (see
below). During Turunen’s working 1998-2002 as director of EISCAT (European Inco-
herent Scatter Radar Association, see below), J. Kangas (1940-), pulsation geophysicist
from the University of Oulu (UO), has as working director successfully widened the ac-
tivities of the observatory.

The progress of geophysics at the FMI resembles that at the SGO. When E.
Sucksdorff moved to the FMI from SGO at the end of 1944, he had only one assistant.
The main tasks were magnetic field measurements, preparation of magnetic charts and
planning the new observatories to Sodankyld and to Nurmijirvi (NGO) (Sucksdorff and
Haikonen, 1958). After E. Sucksdorff’s death in 1955, his works were divided between
M. Tommila (born 1905) and C. Sucksdorff’ (1928-). Tommila had been responsible for
the magnetic measurements at the Petsamo station during the Second Polar Year, and C.
Sucksdorff was familiar with magnetic field measurements. The different international
geophysical years (see below) gave opportunities to widen the activities. When C.
Sucksdorff, who had followed E. Sucksdorff as the director of the Geophysics Division
of the FMI in 1956, retired in 1991, the tasks of the Division included geomagnetic re-
cording networks, auroral, ionospheric and space studies, and the number of persons
had grown to over 40, 30 of them academic. Risto Pellinen (1944-), whose space phys-
ics group was the quickest grown in the Division, was appointed director in 1991, At
the moment, the Division has about 50 workers (see below especially in Part 3).

The University of Oulu (UO) got a professorship in geophysics and a Department
of Geophysics in 1960’s. It concentrated mainly in solid earth physics, but the Depart-
ment of Physics (P. Tanskanen, balloon experiments in high atmosphere) and the De-
partment of Electrical Engineering (J. Oksman, ionospheric studies, see below) started
research activities which led to forming a Space Physics Division to the UO. Co-opera-
tion with French and German groups in stratospheric balloon experiments started in
1965. Today the group constructs space instruments and uses satellite data combining
them with ionosphere and pulsation recordings in exploring the magnetosphere (see
below). The size of the group is now about 20 persons.

The fourth Finnish unit dealing with construction of space instruments and with
scientific use of the produced data is J. Torsti’s group at the University of Turku (see
Part 3). Torsti’s instrument in SOHO satellite has been a great success.

In ground observations long and accurate data series have been and still are a goal
of Finnish geophysicists. Foreign research groups have realised that and have been in-
terested in placing their instruments in Finland. In many cases this has inspired new re-
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search fields and lead to fruitful co-operation as will be presented below. Today, for the
complementation of satellite observations of magnetosphere and space physics, the in-
strumentation in Finland and nearby is the most comprehensive ground based network
in the world.

The good progress and high quality of the SGO, the Geophysics of the FMI and
the Space Physics Division of the UO originate very much from the happy situation,
that the Universities at Helsinki, Oulu and Turku produce highly educated theoretical
physicists and physicists. Among them several found geophysics challenging enough for
a lifelong profession. Annual “Observatory Days”, organized alternately at Sodankyld
and Nurmijdrvi since the beginning of 1950’s, have contributed in the good co-op-
eration between the groups of geophysicists mentiond above. Later the UO joined in the

rotation of the days.

Table 1. Essential steps in progress in association with space studies in Finland, 1841-2000.

Year Progress step Key person
1838  Founding of Helsinki Magnetic Observatory J. J. Nervander
1882  First International Polar Year. Observatory to Sodankyla S. Lemstrom
1913  Founding of Sodankyld Geophysical Observatory G. Melander
1931  Co-operation with the Danish Meteorological Instit., la Cour E. Sucksdorff
1932 Second Polar Year, pulsation recordings at Sodankyld E. Sucksdorff
1944  Sodankyld Observatory destroyed in the Lapland war

1945  New Sodankyld Geophysical Observatory (SGO) E. Sucksdorff
1952 Founding of Nurmijirvi Geophysical Observatory (NGO) E. Sucksdorff
1956  Vertical ionosounder to NGO of Finnish Meteorological Inst. (FMI) T. Haikonen
1957  International Geophysical Year (IGY). lonosounders to SGO, Dieminger J. Oksman
1957  IGY, 2 Stoffregen all-sky cameras (ASC) to North Finland C. Sucksdorff
1960  International Geophysical Union (IUGG) in Helsinki. Many contacts. C. Sucksdorff
1962  Modern pulsation recorders to SGO and NGO V. Hessler
1963  First riometers to SGO from Max—Planck—Institute T. Mustonen
1964  International Quiet Sun Year. 2 more ASC'’s, mobile magnetograph C. Sucksdorff
1965  Stratospheric balloon co-operation with France, Germany and Scandinav. P. Tanskanen
1965  Use of satellites in ionospheric research J. Oksman
1968  First common University of Alaska, NGO, SGO pulsation publication V. Hessler
1969  First Wetterkulla symposium on pulsations, Alaska, NGO, SGO V. Hessler
1973 4 ASC'’s to North Finland with digital time and light standard R. Pellinen
1974  New in SGO constructed ionosondes start at SGO and NGO T. Turunen
1974  Magnetometer chain to N.- Finland, Univ. Gottingen and Braunschweig J. Untiedt
1975  EISCAT agreement signed J. Oksman
1976  Start meeting of Soviet—Finnish TT- co-operation in geophysics J. Oksman
1976  VLF measurements begin at the SGO in co-operation with Rycroft T. Turunen
1976  International Magnetospheric Study (IMS). Several new co-operations R. Pellinen
1977  STARE starts operating at Hankasalmi, co-operat. With FMI R. Greenwald
1979  Measurements of electric field using balloons in auroral zone J. Kangas
1981  The operative function of EISCAT starts T. Turunen
1982  The EISCAT magnetometer cross to North, cooper. with FMI H. Lithr

1984  Formal co-operation agreement on PROMICS-3 with Sweden R. Pellinen
1985  Finnish Space Board under Ministry of Transport and Communications P. Jauho

1985  Co-operation with Sweden starts in constructing ASPERA for Phobos R. Pellinen
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1986  Contribution to LIMA-D (Phobos) laser experiment R. Pellinen
1986  Ground based co-operation with Swedish Viking project H. Koskinen
1987  Finland Full Member in ESA Science Programme, also with USSR P. Jauho
1987  SWAN of FMI-French co-operation accepted for SOHO R. Pellinen
1987  SGO starts fabrication of satellite magnetometers (Primdahl, DMI) A. Ranta
1987  ERNE from Turku accepted to SOHO J. Torsti
1987  EFW from UO accepted for Cluster satellites P. Tanskanen
1989  ASPERA/Phobos measures successfully near Mars. H. Koskinen
1988  GOMOS accepted in co-operation with French for ESA’s ENVISAT-1 R. Pellinen
1990  Start of IMAGE network of international recording stations A. Viljanen
1992  Launch of Freja, UO and FMI instrumental contribution

1992 FMI contribution starts to Swedish Odin-satellite. Launch 2001. G. Leppelmeier
1994  FMI contribution to 2003 Rosetta comet mission starts R. Pellinen

1995  SOHO launched successfully
1995  Swedish satellites Astrid-1 and -2 with small Finnish contrib. launched
1995  First Interball-satellite launched successfully. PROMICS-3 onboard

1996  Second Interball with PROMICS-3 launched successfully A.-M. Harri
1996  FMI starts to run digital ASC's M. Syrjisuo
1996  Finland becomes a full member of ESA P. Jauho
1997  SGO as a separate institute in the organisation of the UO T. Turunen

1997  Cassini-Huygens launched with Vaisala/FMI and UQ instruments
2000  Cluster satellites launched, Swedish—Finnish instruments onboard
2001  Swedish Odin satellite launched. FMI-ARC involved

2. Ground observations as a diagnostic tool in magnetospheric studies

Below we divide the Finnish ground based space research in two parts according
to the method applied. The first part 2.1 “Magnetic recordings” describes the arrays of
magnetic recording instruments and the use of magnetic pulsations in the study of space
phenomena. The second part 2.2 handles radio methods in ionospheric studies. The
third part 3 is “Studies of space physics using space instruments”.

2.1  Magnetic recordings

During IMS years (IMS International Magnetospheric Study 1976-1979) an ex-
ceptionally wide magnetometer array (Scandinavian Magnetometer Array, SMA) oper-
ated in Fennoscandia (Kiippers, et al., 1979; Untiedt and Baumjohann, 1993). The net-
work consisted of 42 magnetometer stations which were regularly spaced with adjacent
distances of 100-200 km along magnetic meridians (Fig. 7). The network was main-
tained until 1980 as a wide international collaboration including research groups from
Germany, Finland, Sweden, Norway, and Denmark. Most of the instruments made
analogy recordings which were digitised afterwards. Due to its very good spatial cover-
age SMA recordings form a unique data set, even according to present-day standards.
SMA showed that co-ordinated observations of magnetometer arrays can be extremely
useful when studying magnetosphere-ionosphere processes. Consequently, similar ac-
tivity was decided to be continued, although with fewer instruments. The EISCAT
magnetometer cross (Liihr et al., 1984) operated during years 1982—-1991. The network



