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Abstract. In Finland, auroral photography started in 1927 at the Sodankylä Geophysical Observatory (SGO)
with the initiative of famous Norwegian scientist Carl Störmer. In less than 2 years about 600 photographs
of auroras were taken at Sodankylä. Some of the images were obtained simultaneously at auxiliary stations for
parallactic determinations of the height of auroral arcs. Most of the pictures of auroras were lost in the destruction
of the SGO during the war in 1944. About 200 images were rescued in the archive of the Finnish Meteorological
Institute, where they were recently found. These pictures of auroras are the first ones taken in Finland. These
photographs are now digitized and archived in the SGO.

During the polar year period 1932–1933, auroral photography was mostly discontinued, but visual observa-
tions of auroras were made instead at several sites in Lapland.

The main sources of information about the history of auroral images are handwritten notebooks of Eyvind
Sucksdorff for 1927–1929. They contain relevant data for each photograph (date, exposure time, orientation of
camera etc.). In Appendix A there are tables showing the dates of rescued auroral photographs as well as the lost
ones.

In Finland, Sucksdorff’s contribution to studies of auroras was a pioneering effort with minimal resources.
Regular photographing of auroras started in Finland during the International Geophysical Year (IGY) 1957–
1958.

1 Introduction

One of the main tasks in the auroral research in the last cen-
turies was the determination of the height of auroral fea-
tures. For achieving this goal visual observations were usu-
ally carried out at different sites using the triangulation tech-
nique (Egeland and Burke, 2013). No satisfactory results
were achieved in spite of a vast number of scientific ef-
forts. One of the most reliable height determinations was ob-
tained by visual triangulation methods by Sophus Tromholt
in Norway in the late 1870s (Moss and Stauning, 2012). Tri-
als of height measurements and photography of auroras were
made at the Sodankylä polar year observatory in 1882–1884.
Photographs of auroras were unsuccessful because the sen-

sitivity of the films available was too low to expose faint
auroral lights. The results of simultaneous visual triangular
height measurements of auroras were unrealistic and scat-
tered widely because the baseline was too short (4 km) for
accurate determinations of auroral forms observed at both
ends of the baseline.

Professor Selim Lemström (1838–1904) (University of
Helsinki) published descriptions of several auroral and tel-
luric current experiments carried out at the Sodankylä obser-
vatory during the first polar year in 1882–1884 (Lemström,
1883, 1885; Simojoki, 1978).

First successful photographs of auroras were taken in the
1890s in Norway (Egeland and Burke, 2013). This technique
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opened a new and quantitative way for more exact determi-
nations of the heights of auroral displays.

The Norwegian team of scientists led by the Professor Carl
Störmer (1874–1957) maintained in Norway in the 1910s a
network of specially designed auroral cameras. The cameras
were installed for parallactic positions at two distant sites
connected with telephone lines. The distance between the
sites was typically 20–70 km. In this setting, the observers
could direct their cameras towards the same region of sky
and expose at the same time. The location of stars on the pho-
tographs fixed the astronomical orientation of auroral forms
(Chapman and Bartels, 1940; Störmer, 1930, 1955; Egeland
and Burke, 2013).

After analysing thousands of simultaneous photographs,
Störmer was able to make the conclusion that the lower
border of auroral forms is located about 100 km above the
Earth’s surface. Using these parallactic auroral photographs,
it was possible to determine not only the heights of individ-
ual auroral features, but also their locations and orientations
in time and space (Chapman and Bartels, 1940; Egeland and
Burke, 2013).

The Sodankylä Geophysical Observatory (SGO)
(67.35° N, 26.55° E) was founded in 1913 by the Finnish
Academy of Sciences, and it was at that time the only mag-
netic observatory inside the Arctic Circle and thus a suitable
place for observations of polar auroras. In the early years
of operations, the main tasks of the Sodankylä Geophysical
Observatory were continuous magnetic recordings, regional
magnetic surveys in Lapland, auroral observations and daily
meteorological readings for the Finnish Meteorological
Institute in Helsinki. The permanent staff of the observatory
consisted of three employees. Eyvind Sucksdorff (1899–
1955) was appointed in 1927 as the director of the Sodankylä
observatory (Sucksdorff, 1952).

This paper gives a short description of the auroral photog-
raphy and related observations carried out in the SGO in the
1920s and 1930s. Some of the first auroral photographs are
presented as examples of early space weather work.

2 First auroral photographs at Sodankylä

There was a plan promoted by the scientific community in
Norway that the auroral photography network would be ex-
panded outside Norway for the coming polar year 1932–
1933. Störmer visited Sodankylä magnetic observatory in
September 1927. He proposed to Sucksdorff, who was a
skilled photographer and astronomer, that parallactic auroral
photographs should be started in northern Finland to extend
the auroral photograph network in Norway in cooperation be-
tween Finnish and Norwegian scientists for the International
Polar Year programme. As planned by Störmer, photography
of auroras started in Sodankylä and in a nearby station in
November 1927.

Störmer’s auroral camera consisted of a glass plate
(10× 14 cm) coated with photographic emulsion. The lens
of the camera was manually movable in such a manner that
six individual photographs could be taken on the same plate.
The Norwegian auroral cameras were not suitable for tak-
ing all-sky pictures because the field of view was typically
limited to about 25× 25° on the sky. The exposure time was
selected according to the brightness of auroras visible on the
sky. Usually the time was 1–30 s.

For less than 2 years in 1927–1929, Sucksdorff and his as-
sistants took about 600 photographs of auroras at the SGO
using cameras designed by the Störmer’s scientific team. A
few photos were taken at the auxiliary stations. The ma-
jor part of these photos were lost during the war in 1944
when German military troops totally destroyed all the build-
ings and archive of the Sodankylä Geophysical Observatory
(Sucksdorff et al., 2001; Bösinger, 2021). However, paper
copies of about 200 photographs were archived before the
war in the library of the Finnish Meteorological Institute in
Helsinki. Recently, this historical material was found, and the
present presentation is based on this collection of pictures of
auroras.

First parallactic auroral photographs were taken simulta-
neously at the Sodankylä observatory and at the auxiliary
station Kelujärvi, some 20 km to the north of the observatory.
Both sites were connected by a telephone line for simultane-
ous communications during the operations with cameras. Up
to the end of 1927 more than 100 auroral pictures had been
taken at the Sodankylä observatory alone.

Figure 1 shows the Norwegian aurora camera on the top of
the main building of the Sodankylä Geophysical Observatory
in the early 1930s.

The first simultaneous photographs at Sodankylä and
Kelujärvi sites were taken in January 1928. In one night more
than 20 successful exposures were captured on films. They
were sent to Störmer’s laboratory at the University of Oslo
for determination of auroral heights using a specially con-
structed projector for the photographs. Such a device was
not in use in Sodankylä. Unfortunately, no information ex-
ists about the results of the height analysis in Oslo.

In the winter of 1927–1928 there were nine nights suitable
for photographing at the Sodankylä observatory, and almost
200 auroral photographs were taken. In the winter of 1928–
1929 the number of auroral pictures collected was almost 400
(for a list of dates, see Appendix A). Later in the 1930s au-
roral photography was only a minor part of the work at the
Sodankylä observatory and very few pictures were taken.

The auroral images available have been digitized. They
can be found in the digital archive of the SGO together
with the supporting metadata information in Nevanlinna and
Tanskanen (2024). The URL address is https://sgo.fi/Data/
Optical/SGOHistAurObs/Sucksdorff1927_1929/index.php
(last access: 17 June 2024).

Figures 2 and 3 show examples of historical images of au-
roras at Sodankylä taken in March 1928. They belong to the
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Figure 1. Annikki Sucksdorff (1904–1986) was the assistant of
the Sodankylä Geophysical Observatory during 1927–1945 (Sucks-
dorff, 1952). In the photograph she is working with auroral observa-
tions on the roof of the observatory building. A Störmer camera is
in the front of her. The river Kitinen can be seen in the background
(photo: Finnish Meteorological Institute).

Figure 2. An auroral arc photographed at Sodankylä observatory on
13 March 1928 20:32 UT. Faint spots on upper left corner belong to
the star cluster Pleiades in the constellation of Taurus. The exposure
time was 39 s. The centre of the photo is towards the west and about
30° from the horizon (photo: Eyvind Sucksdorff’s collection, SGO).

first photographs of auroras in Finland. Figure 4 depicts si-
multaneous auroral arcs at Sodankylä observatory and at the
auxiliary site Kelujärvi, some 20 km north of Sodankylä.

Figure 3. An auroral arc at the Sodankylä observatory on 13 March
1928 20:13 UT. The bright star on the centre is Arcturus in the con-
stellation of Boötes. The exposure time was 9 s. The centre of the
photo is towards the east and about 20° from the horizon (photo:
Eyvind Sucksdorff’s collection, SGO).

3 Great magnetic storm, 27 February 1929

The period 1927–1929, during which photographs of auroras
were taken at the Sodankylä observatory, coincided with the
maximum phase of the sunspot cycle 16. The 27 February
1929 magnetic storm observed at the SGO and other mag-
netic stations at high latitudes was one of the major mag-
netic storms during the solar cycle 16 (1923–1933) (e.g.
Goldie, 1929; Rowland, 1929; Newton, 1930). According
to the visual observations made by Sucksdorff, this storm
started around 17:30 UT with a magnificent discrete auro-
ral display (so-called corona) at the zenith covering the sky
from east to west. A new corona appeared at midnight, il-
luminating the snow-covered landscape. First magnetic sig-
nals of the storm occurred one day earlier on 26 February
around midnight (Fig. 5). During the most intensive period
of the storm around midnight 27–28 February, the magnetic
3 h K index increased up to 8/9 (K = 8 corresponds to am-
plitudes 990 nT<1H < 1500 nT and1H > 1500 nT when
K = 9) as derived from the Sodankylä magnetic records. The
greatest deviation in the hourly means of the magnetic north
component (X) was about 1000 nT in the late evening on
27 February (Fig. 5).

The two top pictures show auroral lights reflected from the
frozen river Kitinen. The black belt under the auroral lights,
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Figure 4. Left: auroral arc at Sodankylä on 27 January 1928 19:25 UT. Right: the same at the auxiliary station Kelujärvi, 20 km from
Sodankylä. The exposure time was 25 s. The lower edge of the auroral form is about 20° above the horizon towards the brightest stars of the
constellation Pegasus in the west. One such star (α Pegasi) can be seen in the lower right corner in both images (photo: Eyvind Sucksdorff’s
collection, SGO).

Figure 5. Three component (X, Y , Z) hourly magnetic variations
as reproduced from the magnetic recordings of the Sodankylä Geo-
physical Observatory from 26–28 February 1929. The daily local
activity index (Ak) for 29 February was 79. The main phase of the
magnetic auroral storm occurred around midnight on 27–28 Febru-
ary. The first signals of the storm appeared in late evening on
26 February. Hourly values are from the SGO magnetometer data
archive.

which is the tree line on the other side of the river, is seen in
all pictures, most clearly in the top row. Next four pictures
show rapidly changing auroral forms, veils and spirals. Two
bright spots are planets Jupiter (upper) and Venus (lower)
in the west and about 15° from the horizon (photo: Eyvind
Sucksdorff’s collection, SGO).

Figure 6 shows an example of temporal changes of the au-
roral storm of 27 February as recorded by the auroral camera
in a short time interval of about 5 min. There are six single
pictures captured on the same glass plate taken in about 30 s
intervals. In the figure one can see bright veils and patches of
auroras as well as spiral shapes. In the background of auroral
lights there are two bright planets: Venus and Jupiter.

In addition to the photographs in Fig. 6, there are available
two more plates both including six single images of auro-
ras starting at 18:22 and 20:23 UT. The remaining 147 auro-
ral photographs, taken during the 27 February storm (17:00–
24:00 UT), were lost in the destruction of the SGO during the
war in 1944 (see Appendix A).

Störmer and his colleagues were able to take simultane-
ous photographs of auroras at two sites near Oslo (Norway)
during the nights in 26–28 February 1929. The number of us-
able photographs obtained was over 100. A sample of images
was published together with height analysis of auroral forms
(Störmer, 1930; Chapman and Bartels, 1940, Vol. I, p. 462).
Based on calculations from two simultaneous images from
early morning hours on 27 February, the height of the lowest
border of auroras was located at an altitude of 82 km.

The 27 February 1929 storm was reported in many con-
temporary newspapers in Finland and in international scien-
tific studies (e.g. Goldie, 1929; Rowland, 1929; Ulrich, 1929;
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Figure 6. Auroral displays on 27 February 1929 as captured by
a camera at the Sodankylä Geophysical Observatory. The times
(hh:mm:ss in UT) for the six photographs and the exposure times (in
brackets) are as given. First row from left to right: 18:28:01 (16) and
18:28:39 (8); second row: 18:28:57 (11) and 18:29:38 (11); third
row: 18:31:04 (9) and 18:32:40 (12).

Newton, 1930; Chapman and Bartels, 1940; Störmer, 1930,
1955).

4 Visual observations of auroras during the polar
year 1932–1933

For the International Polar Year 1932–1933, the scientific
programme of the Sodankylä Geophysical Observatory was
extended by new observations such as earth currents, at-
mospheric electricity and magnetic pulsations (Sucksdorff,
1952; Bösinger, 2021). SGO was equipped with modern
magnetic registration devices provided by the Danish Me-
teorological Institute and designed by Dan Barfod la Cour,
who was the president of the International Polar Year pro-
gramme and the director of the Danish Meteorological Insti-
tute. With his initiative Sodankylä observatory was selected
as a training place for the scientists involved with magnetic
measurements in the Arctic.

Two temporary observatories during the polar year 1932–
1933 were set up in Finland. They were Petsamo (69.5° N,
31.2° E) near the coast of the Arctic Sea, now in the territory
of Russia, and Kajaani in eastern Finland (64.2° N, 27.7° E)
(Tommila, 1937; Sucksdorff et al., 2001).

Systematic observations of auroras by means of visual
sightings were also included in the programme. One goal of
this work was to achieve a more accurate description of the
occurrence of auroras and magnetic variations both in time
and space around Earth’s Arctic area.

Sucksdorff introduced special graphical symbols for dif-
ferent types of auroras for the International Polar Year plan
of visual observations. About 20 different symbols indicated
various manifestations of auroral shapes, colours and their
occurrence times. Sucksdorff made visual observation of au-
roras during the International Polar Year 1932–1933 that
were continued observations up to 1944 at the Sodankylä
Geophysical Observatory. The material accumulated con-
tains coded information of auroral appearances from about
750 nights. The original handwritten data are stored in the
archive of the SGO. The relevant information of this unpub-
lished data set is included in the compilation of the auroral
pictures by Nevanlinna and Tanskanen (2024).

Because the results of the simultaneous photography of
auroral arcs during 1927–1929 were not very successful,
Sucksdorff developed a simple visual method instead. He
constructed a special aiming device, called a quadrant, by
which the height of well-defined and stable auroral arcs could
be determined visually (Fig. 7). The height of arcs, as mea-
sured in elevation angles from the horizon, was read from a
scale attached on the quadrant. Sucksdorff organized coordi-
nated campaigns in Lapland in which 12 volunteer observers,
like schoolteachers, made sightings with the quadrant at dif-
ferent places. If two or more observers measured the same
arc at the same time, its true height could be determined. Al-
though it was known already in the 1910s that the average
height of lower edge of auroral forms is about 100 km, it was
not clear how low the aurora lights could occur in extreme
auroral cases (Störmer, 1930; Chapman, 1932). One of the
goals of Sucksdorff’s campaign was to search for these sup-
posed low-altitude auroras.

Visual observations were made during the polar year pe-
riod and continued at some places up to 1936. At an auxil-
iary station scientists from the Danish Meteorological Insti-
tute made continuous observations of auroras up to 1936 as
planned by Sucksdorff and maintained magnetic recordings.
However, the result of several years of measurements was
that only little relevant information about the appearance of
simultaneous auroral arcs was revealed in the observations
of accurate calculations of the location and height of auroral
arcs. The observations collected have not been analysed, but
the whole material is now in the archive of the SGO.

Visual observations of the occurrence of auroras have been
made in connection with daily meteorological observations
at Sodankylä since the founding of the observatory in 1914.
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Figure 7. Sucksdorff demonstrates a device (quadrant) for visual
determination of the height of auroral arcs. It consists of a thin
wooden plate with a scale and a plumb line suspended to the plate
showing the elevation angle of auroral arcs visible. The observer
turns the quadrant until the upper edge of the plate points to the arc
of an auroral display (photo: Finnish Meteorological Institute).

Such routine observations were continued until 1954 when
auroral observations were removed from the daily meteoro-
logical readings. The 40-year period of visual observations
of auroras provides some information of the long-term varia-
tions in the occurrence rate of auroras. There were more than
1800 nights with auroras during 1914–1954 in Sodankylä
(see Appendix B). Figure 8 shows the annual number of
nights illuminated by auroras during clear-sky conditions at
Sodankylä. Also shown are annual sunspot numbers and lo-
cal magnetic activity (Ak). In Fig. 8 the annual occurrence
rates of auroras at Sodankylä are compared with annual num-
ber of low-latitude (geomagnetic latitude< 57°) auroras ob-
tained from a compilation by Legrand and Simon (1987).
One can see that the annual numbers of auroral nights, from
local and low-latitude observations, follow the magnetic ac-
tivity and varying sunspot numbers in the course of an 11-
year sunspot cycle moderately well. The changes from year
to year seem to vary in such a way that the largest number of
auroral nights are seen during the declining solar cycle phase.

However, there are certain anomalies in the auroral variation
at the SGO compared with magnetic activity and low-latitude
auroral occurrences. This is probably due to varying weather
and cloudy conditions, but certain non-geophysical factors
have also contributed to the inhomogeneity of the results
based on visual auroral observations (Lockwood et al., 2018).
Correlation between annual auroral occurrence rate at the
SGO and local magnetic activity is rather low, 0.51.

Tanskanen et al. (2005) and Tanskanen (2009) found that
the largest substorm numbers and peak amplitudes were
found during the declining solar cycle phases. This is sim-
ilar to conclusion here that auroral occurrence rate is gener-
ally enhanced during the declining phase of a solar cycle. In
addition there seems to be an increasing multi-decadal trend
in the annual number of auroral nights connected with sim-
ilar increasing tendency in the long-term magnetic activity
and the peak numbers of sunspots ultimately associated with
solar processes and the interplanetary magnetic field (e.g.
Mayaud, 1972; Lockwood, 2001, 2014). The long-term trend
in the annual auroral occurrence rates shown in Fig. 8 may
be connected with the centennial Gleissberg cycle of solar
activity (e.g. Feynman and Ruzmaikin, 2014; Le Mouël et
al., 2017).

Numerical values of the data shown in Fig. 8 are given in
Appendix B.

5 Discussion

Although no significant scientific results were obtained from
the aurora images taken at the Sodankylä Geophysical Ob-
servatory in 1927–1929, the cooperation with leading Nor-
wegian scientists yielded a new area for the observatory’s
operations and contacts with the scientific community out-
side Finland. Photographs of auroras obtained almost 100
years ago are the first ones in Finland. The entire observa-
tional material (except for that lost during the war in 1944)
collected in the 1920s and 1930s can be found in an open-
access repository at the SGO.

The dates of auroral photography are given in Appendix A.
In Finland, Sucksdorff was quite alone in auroral stud-

ies in the 1920s and 1930s. He had to work with very lim-
ited resources, but the results were important for future au-
roral work in Finland. The situation was totally different in
Norway, where several outstanding scientists with high rep-
utations in the scientific community, such as Kristian Birke-
land, Carl Störmer, Ole Krogness, Lars Vegard, Leiv Harang
and many others, were involved with observations and scien-
tific studies of aurora and related cosmic phenomena. Space
physics has been in the teaching programme in several Nor-
wegian universities and institutions since the 1910s. In Fin-
land, there was no academic teaching or research at all in
these fields before the 1950s.

Regular auroral photography was restarted during the IGY
(International Geophysical Year) 1957–1958, when a modern
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Figure 8. Red: time variations in the number of auroral nights obtained by visual observations of auroras at Sodankylä during 1914–1954
(data: meteorological yearbooks – Finnish Meteorological Institute). Blue: annual number of visual auroras at subauroral latitudes (data:
Legrand and Simon, 1987). Dotted black: annual means of local magnetic activity index Ak (multiplied by a factor of 3) (data: magnetic
yearbooks – Sodankylä Geophysical Observatory). Histograms: annual sunspot numbers (data: Solar Influences Data Analysis Center, WDC-
SILSO).

Stoffregen-type all-sky camera, constructed in the Finnish
Meteorological Institute by Eyvind Sucksdorff’s son Chris-
tian (1928–2016), was set up at the Sodankylä Geophysical
Observatory (Nevanlinna and Pulkkinen, 2001; Schlegel and
Lühr, 2014; Bösinger, 2021).

Appendix A

Table A1. Dates∗ of available auroral photographs at the SGO dur-
ing 1927–1929.

Date Number of single photos

1927

18 November 24
19 November 6
13 December 33
14 December 3
18 December 6
28 December 42

1928

27 January 18
11 March 30
13 March 46

1929

29 February 18

Total 226

∗ All the data are based on original handwritten
notebooks by Eyvind Sucksdorff.

Table A2. Dates∗ of photographs lost in the war in 1944.

Date Number of single photos

1928

6 December 9

1929

29 January 18
17 February 11
27 February 147
7 March 12
8 March 40
11 March 42
14 March 78
27 March 27

Total 384

∗ All the data are based on original handwritten
notebooks by Eyvind Sucksdorff.
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Appendix B

Table B1. Annual numbers of auroral nights1 at the SGO 1914–
1954, local magnetic activity index2 (Ak), sunspot number3 (R) and
global auroral occurrence number4 (AO).

Year Number of Local Sunspot Global auroral
auroral magnetic number occurrence
nights activity (R) number

(Ak) (AO)

1914 43 4.8 16.1 4
1915 73 10.2 79.0 37
1916 75 13.4 95.0 53
1917 68 14.2 173.6 45
1918 26 18.4 134.6 81
1919 27 14.0 105.7 119
1920 18 10.1 62.7 62
1921 24 12.5 43.5 53
1922 16 10.6 23.7 71
1923 10 4.4 9.7 18
1924 8 7.1 27.9 3
1925 16 13.2 74.0 32
1926 29 12.7 106.5 69
1927 21 10.2 114.7 38
1928 25 15.1 129.7 53
1929 43 15.4 108.2 59
1930 48 20.6 59.4 118
1931 32 14.9 35.1 44
1932 43 20.1 18.6 46
1933 45 16.0 9.2 57
1934 32 9.0 14.6 40
1935 24 12.4 60.2 54
1936 52 12.1 132.8 78
1937 52 17.8 190.6 97
1938 39 17.3 182.6 133
1939 52 21.9 148.0 154
1940 59 20.3 113.0 152
1941 85 19.5 79.2 105
1942 51 18.7 50.8 81
1943 65 23.8 27.1 108
1944 36 13.2 16.1 50
1945 33 55.3 42
1946 57 154.3 76
1947 63 20.9 214.7 97
1948 72 20.1 193.0 123
1949 64 19.3 190.7 89
1950 37 22.8 118.9 107
1951 82 14.9 98.3 137
1952 52 28.6 45.0 123
1953 80 20.7 20.1 89
1954 52 13.8 6.6 160

1 Finnish Meteorological Institute – meteorological yearbooks.
2 Sodankylä Geophysical Observatory – magnetic yearbooks.
3 Solar Influences Data Analysis Center, WDC-SILSO.
4 Based on auroral data compiled by Legrand and Simon (1987).

Data availability. The original handwritten data are stored in
the archive of the SGO, but the relevant information of
this unpublished data set is included in the compilation of
the auroral pictures at https://sgo.fi/Data/Optical/SGOHistAurObs/
Sucksdorff1927_1929/index.php by Nevanlinna and Tanskanen
(2024).
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