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Abstract. Hourly (spot readings) magnetic data (H- and D- ries of Russia in Kazan and in St. Petersburg in 1829 (Ca-
components) were digitized from Russian yearbook tablesvood, 1977; Malin and Barraclough, 1991). Kupffer was
for the years 1850-1862 from four observatories. The pdfinfluenced by outstanding scientists of his time and he had
pictures for digitization were taken by a normal digital cam- personal connections with them. These were e.g., Arago in
era. The database obtained consists of about 900000 sifRaris, von Humboldt in Berlin and Gauss irdoBngen, all

gle data points. The time series of hourly magnetic valuesof them had contributed important observational and theo-
reveal slow secular variations (declination only) as well asretical innovations in geomagnetism. Kupffer had close co-
transient and regular geomagnetic variations of external ori-operation with them in various aspects of geomagnetic ob-
gin. The quality and homogeneity of the data is satisfac-servations. He was also a member of the famo@#igen
tory. Daily Ak-indices were calculated using the index algo- Magnetic Union and a similar enterprise organised by von
rithm that has been earlier applied to 19th century data fromHumboldt in the 1830s (Soffel, 2006). The Union introduced
Helsinki (Finland) as well as modern magnetic observatoryto the world geomagnetic community standardised equip-
recordings. The activity index series derived from the Rus-ment and observational routines for recording magnetic vari-
sian data is consistent with earlier activity index series forations in the observatory conditions.

1850-1862. The digitized index data series derived in this Kupffer moved to St. Petersburg in 1830 and later in the
study was extended back to 1841 by including magn@éfic  1830s he organised the establishment of magnetic observato-
activity index data available from a Russian observatory (Stries at several locations by a suggestion of von Humboldt (see
Petersburg). Magnetic data rescued here is well suitable foFig. 1, Tables 1 and 2). Magnetic observations were done
various reconstructions for studies of the long-term variationseveral times daily. This work developed in a more compre-
of the space weather in the 19th century. hensive observational programme in 1841 when regular mag-

. . . . netic observations started at four observatories: St. Peters-
Keywords. Geomagnetism and paleomagnetism (Time vari- ) ) -
yw g P g ( burg, Ekaterinburg (Catherinburg), Barnaul and Nertchinsk

athns, diurnal to secular)— History of geophysics (Geomag_mainly on hourly base (see e.g., Malin and Barraclough,
netism and paleomagnetism)

1991; Nevanlinna, 2008; Tyasto et al., 2009; Veselovsky et
al., 2009) (Fig. 1, Tables 1 and 2). Later in the 1850s two
more observatories were included into the network of reg-
1 Introduction ular observations. These were Sitka in Russian Alaska and
Peking (now Beijing) in China in the grounds of a Greek Or-
The history of Russian geomagnetic network goes back to théhodox monastery owned by Russians.
1820s when a resurgence of interest in geomagnetism took The Russian network of magnetic observations with a
place in the international scientific community. The leading large longitudinal extent of about 200 degrees and a latitu-
Russian scientist in the field of geomagnetism and meteodinal range of about 20 degrees provided an important con-
rology was Adolf Kupffer (1799-1865), a German-Latvian tribution of magnetic data acquisition for the scientific com-
born physicist, who founded the first magnetic observato-munity. In addition to magnetic observations a great number
of meteorological observations (e.g., atmospheric pressure,
temperature, humidity, cloudiness and precipitation) were

Correspondence td:. Nevanlinna made continuously during day and night.
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Fig. 1. Geomagnetic observatories used in this study: HEL (Helsinki, Finland) and the Russian observatories STP (St. Petersburg), EKA
(Ekaterinburg) (Catherinburg), BAR (Barnaul), NER (Nertchinsk), PEK (Peking, now Beijing) and SIT (Sitka) (see Tables 1 and 2).

Table 1. Geomagnetic observatories in Finland (Helsinki) and Rus- (1837-1846) anq later iAnnales de I’obsgrvatoire physique
sia used in this study. central de Russi€1847-1899). The earliest volumes were

published separately in Russian for domestic use and in
French (later in German) for the international scientific com-

Corr. geomagn.

Observatory Geographic coordinates .4 (2000) munity. Each yearbook volume comprises several hundreds
Lat. Lon. Lat. Lon. of printed pages with tables of magnetic and meteorologi-
Helsinki (HEL) 6010N 2457E 5659 102.30 cal observations and their expla_nations. Note, _that the year-
St. Petersburg (STP) 586 30°18 56.20 106.78 books (1837-1913) of the Russian meteorological and mag-
Ekaterinburg (EKA) 5849 60°35 52.74 133.79 netic data with background meta-data information, have been
Barnaul (BAR) 5320 83°57  49.02 156.68 converted into pdf pictures by the Library of NOAAt(p:/
Peking (PEK) 3657 11629 31.06 18890 (ocs.lib.noaa.gov/rescue/daescuerussia.htm. Original

Nertchinsk (NER) 5119 11936 4578 192.39

Sitka (SIT) 5706 2264? 597P 280.20 Russian yearbooks have been preserved, in more or less com-

plete collections, and they are available in libraries of several
countries that were in co-operation in magnetism and meteo-
rology with Russia in the 19th century.

Mainly due to Kupffer's initiative a full-scale permanent  The magnetic and meteorological observatories initiated
magnetic and meteorological observatory was founded irby Kupffer were reorganized after Kupffer's death in 1865
Helsinki (Finland) in 1838 as a part of Helsinki University when Heinrich Wild (1833-1902) from Switzerland was
(e.g., Nevanlinna, 2004, 2005) (Table 1). Kupffer and thenominated to the director of the Main Physical Observatory
first director of the observatory, J. J. Nervander (1805-1848)in 1868. The focus of the operations was changed from mag-
were in close co-operation in organizational matters andnetism to meteorological observations collected at several
observatory practices. The observatory was located aboukns of sites in Russia. Magnetic observations started again
300 km west of the westernmost Russian observatory St. Pein 1870, after a pause of several years, but mainly in St. Pe-
tersburg (Fig. 1). Today, observations in the Helsinki obser-tersburg only. Visual magnetic observations there were re-
vatory are continuing at the Nurraijvi observatory (609N;  placed by a three-component photographic recording system
24.6 E) belonging to the Finnish Meteorological Institute. but the old Gaussian type of variometers remained as back-
The instrumentation and observational routines in Helsinkiup instruments (Wild, 1872). Magnetic observations stopped
were similarly to those in the Russian observatories. Thein St. Petersburg in 1877 and in the next year the observa-
Helsinki observatory started its operations in 1844 and theytory started its observations at a new site Pavlovsk located
continued, largely unchanging, with the same magnetic in-some 30 km southeast from St. Petersburg. The operations in
strumentation for almost 70 years until 1912 (Nevanlinna, Paviovsk continued until the World War Il when the observa-
2004). tory was totally destroyed in the turmoil of the war.

In 1849 the magnetic and meteorological observations in Regular magnetic observations stopped in Nertchinsk,
Russia were reorganized under the Main Physical ObservaBarnaul, Peking and Sitka in the early 1860s (see Table 2)
tory established in the same year. Kupffer was appointedbut continued in Ekaterinburg after a pause until the 1920s
the director of the Observatory and a member of the Rus{see Golovkov et al., 1983). The Sitka observatory area was
sian Science Academy. All magnetic and meteorological ob-4ransferred to the possession of the USA when Russia sold
servations have been published since 1837 by Kupffer andhlaska in 1867. The new Sitka observatory started its op-
his successors first in the seriesArinuaire magétique et  erations in 1901 as a part of the US magnetic observatory
méteorologique du corps des iggieurs des mines de Russie network.
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Table 2. Magnetic data availability of Russian observatory data of the F.irst Internatiqnal Polar Year 18,82_188,3' .Many bk
1837-1869 based on recordings of Gaussian type of unitlar ( Magnetic observatories were founded in Russia in the 1880s

and bifilar () variometers. that have been running since then. This progress was greatly
promoted by Wild who was also the President of the Interna-
Year STP EKA BAR NER SIT PEK tional Polar Commission. _
The science of geomagnetism underwent rapid develop-
1837 1, 1. - - - - ment during the early decades of the 19th century. Important
188 1. 1,D 1D - - - theoretical and practical advances were achieved. As an ex-
1238 1 B ]Lr g 1 g _ ~ B ample of theoretical contribution was Gauss’ conceptin 1833
' ' ' that the Earth as a magnet can be represented as an expansion
1841 X X— X— X— - - of spherical harmonic functions. This gave a much more ac-
1842 x X X X - - curate picture of the distribution of the magnetic field than
1843 x x x x - - the single dipole field configuration presented by Biot and
1844 X X X X - - von Humboldt in 1804 (Cawood, 1977).
1845 X X X X B - H. C. Orsted introduced in 1820 the seminal innovation
1846  x-— t t - - - that magnetism and electricity are a manifestation of a hith-
1847 X t t X= - - erto unknown natural force, electromagnetism (e.g., Stern,
1848  x T T xb - - 2002). This discovery, soon modified and completed by e.g.,
1849 x  x- X X n - Ampére, gave a great impetus for scientific studies of the true
1850 x X X X T - character of the origin of the Earth’s magnetic field: The
1851 X X X— X, Bi T X — Earth would be a huge electromagnet maintaining its mag-
1852 X X X X t X netic field by induction mechanisms rather than by perma-
1853 x X X X - X nent magnetism proposed by Gilbert in 1600.
1854 x X X X - X It was known in the early 19th century that regular daily
1855  x X X X - X variation of magnetic elements followed the local solar time
1856 X X X X t,D - showing largest deviation near midday. Because the daily
1857 X X X X t,D - temperature maximum was also close to the magnetic one,
1858 X X X X t,D - it was speculated that diurnal magnetic variations are caused
1859  x X X x t.D - by temperature variations through thermally induced earth
1860  x X X x Db - currents. This was a reason why magnetic and meteorolog-
1861 X X X X t,D - ical observations were combined in the same observational
1862 t,D - programme as was the common practice in the 19th century.
1863 - X,Bi x,Bi x,Bi f,D - However, the observational traditions of simultaneous mete-
1864 - X Bi xBi xBi T,D - orological observations in many countries go back in time to
1865 - - - - - - the late 18th century. The Palatine Meteorological Society in
1866 - — — — - - Mannheim, Germany, organized an international programme
1867 - - - - - - of synoptic meteorological observations. This was perhaps
1868 - - - - - - the most important early undertaking in the branch of mete-
1869 - - - - - - orology. Almost 40 stations, mostly in Europe, were partic-
ipating in this enterprise for 15 years (1780-1795) (Cassidy,
x Hourly values ofD and H, no large gaps, x, DB only 1985).
x —Hourly values ofD andH but with gaps longer than a month Another foci of interest in the geophysical science of the

T Hourly values o> and# butwithout nightly hours, T, DB only  early 19th century were phenomena that are today called
BINBIhdoutrIy Va'_:’e; ofD andH space weather and space climate, that is, transient geomag-
~ hogaia avaiable netic variations and storms and their morphology in time and

a . . .
In 1870 the recordings were started by photographic varlometersspace. The concept “magnetic storm” was introduced by von

in STP - .
b Now Beijing, China. The observatory was located in the groundsHumpoldt in 1808 (Malin and Barraclough, 1991). Kupffer
of a Russian monastery. in Kazan near the river Volga in Russia and Arago in Paris

made simultaneous observations of magnetic disturbances in
the 1820s. They found that great disturbances occur at the
same time at both sites although the distance between them
After Kupffer's death in 1865 the Russian observatory net-was about 50in longitude. The reason for this parallelism
work was partly paralysed for many years and only meteoro-of magnetic storms remained obscured but later it became ev-
logical observations were carried out. However, a new ac4dent that the solution may be found in solar circumstances
tive era in geomagnetic observations started with outcomesvhen, in 1852 Sir Edward Sabine discovered that the number
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of sunspots and the appearance of magnetic storms are coras adopted by Gauss in thétBngen observatory and in
related in the course of the 11-year solar cycle (Stern, 2002)the observatories belonging to the magnetic observation pro-
The observations of the great Carrington magnetic storm igramme directed by the Magnetic Union.
1859 linked a single solar eruption (flare) to terrestrial space There were three types of variometers for observing the
weather phenomena including northern lights. Recently, thamagnetic field variations in the observatory community:
Carrington storm has regained scientific interest because Gauss’ unifilar and bifilar magnetometers for declination
was probably the greatest space weather disturbance for ce(p) and horizontal componeni), respectively and Lloyd's
turies (see the special issue on the Carrington storm in thenagnetic balance for vertical fiel&§ variations introduced
Journal of Advances in Space Researtl. 38, 2006, in the late 1830s (see e.g., Chapman and Bartels, 1940). In
and, e.g., Tsurutani et al., 2003; Cliver and Svalgaard, 2004the unifilar system the suspension thread was made by silk
Siscoe et al., 2006; Nevanlinna, 2008; Tyasto et al., 2009and was 2-3m long. The magnet pointed to the magnetic
Veselovsky et al., 2009). meridian. In the bifilar system the magnet is kept perpendic-
In this paper we have utilized Russian magnetic obser-ular to the magnetic meridian by two long wires made from
vatory data in their original printed yearbooks available in silver and connected with the torsion head. The D- and H-
Finnish scientific libraries, that is, for the years 1850-1910.magnets were about 60 cm long weighing about 2kg. The
We have photographed the tables containing magnetic obsernagnets were put between copper bars for attenuating the
vations by using a normal digital camera. Special patternunnecessary vibrations of the magnets. The whole recording
recognition software was designed for digitizing the picturessystem was surrounding by a large wooden shelter to pre-
into machine-readable form for further data analysis. vent the magnets from disturbing air currents in the variation
This study comprises an analysis of the magnetic resultgoom. The variometers distributed to the observatories were
of four Russian observatories for 13 years 1850-1862 (Taimanufactured in Gttingen by the famous instrument maker
bles 1 and 2). During that time interval the recordings wereMoritz Meyerstein (1808-1882) (Hentschel, 2007).
continuing on hourly bases (spot readings at every full hour) Magnetic balance for recording variations of the Z-
at all four observatories without any lengthy gaps. Beforecomponent was introduced by Humphrey Lloyd (1800-
1850 there were longer gaps in the observations and man§881) from the magnetic observatory of Dublin (Ireland)
nightly hours were skipped. After 1862 there were no mag-(Barraclough et al., 1992). This device was distributed in
netic recordings for about eight years. The period 1850-many magnetic observatories of the time. However, the base-
1862 is thus the most suitable for geomagnetic analysis of théine stability of the instrument was not good and therefore
whole Russian observatory activities since 1837. A prelim-many observatories abandoned it for long-term use, as was
inary trial has been made for utilizing the pdf pictures com- the case in the Russian observatories.
piled by NOAA for 1837-1849 but there were unresolved Further information about the variometers described here
problems in the proper conversion of pixels to numbers. is given in the yearbook of 1843 of the Russian observatory
Our goal of the analysis of Russian magnetic data is to renetwork (Kupffer, 1843). It contains drawings of the mag-
construct magnetic activity index series that will complementnetic instruments and detailed explanations of their working
the existing ones from the 19th century: Mayaud’s aa-seriegrinciples. Other publications of the 19th century also give
(e.g., Mayaud, 1980; Menvielle and Berthelier, 1991) 1868-presentations of the theory of variometers and geomagnetic
and the Helsinki aa-extension 1844-1897 (e.g., Nevanlinnalnstruments (e.g., Gauss and Weber, 1837; Lamont, 1867).
2004). The index algorithm applied to the Russian dataFor more modern descriptions of historical geomagnetic in-
(Menvielle et al., 1995) (based on hourly values) is the samestruments, see e.g., McConnell (1980), Multhauf and Good
that has been utilized in the analysis of Helsinki (Finland) (1987), Basso Ricci et al. (1997) and Nevanlinna (1997).

magnetic observatory data 1844-1897 (Nevanlinna, 2004). At all observatories given in Table 1 and shown in Fig. 1,
the magnetic observations were made on the horizontal field

(H) and declination D). Variations in the magnetic field
2 Magnetic observations were observed visually from a scale mounted on a telescope
through which the sightings of the magnet were made. Each
Regular observations of magnetic field changes with threadourly value was of the mean value of five observations at
suspended magnets started in the Paris observatory in thE5 s intervals centered on the full hour. The observed quan-
1790s. This new type of variometer, developed by Coulombitity is thus a scale readingfSn) (in 1/24 inches), which
and Cassini, rapidly superseded pivoted navigational comis then converted to relative magnetic field value® and
passes as tools of accurate observatory instruments (see e.@\H. For D, the formula is
Chapman and Bartels, 1940; Cawood, 1977). The accu-
racy of visual magnetic direction readings was later muchD =¢p5p, @)
enhanced by Poggendorff’s invention (1826) of the mirror- 54 tor g it is
and-scale method where the distance between the magnet and
the observer was several meters. This observation method H/H = ey Sy +a(t —1t,) 2)
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Fig. 2. An example of a part of a yearbook data table. The page is for H-component gkbagtre bifilaire) from the observatory Nertchinsk
August 1859 showing data from 12:00 h to 23:00 h (00:00 h—11:00 h local time). The column on the left gives the dates. Hours are shown on
the upper row. Other columns give observed instantaneous hourly valiggainits of 1/24 inch (roughly 1 mm) taken from the scale.

whereep, ey are the scale value for the D- and H-variometer, The number of days was counted from noon to noon (see e.g.,
respectively. ¢ is the temperature coefficient of the bifilar Boteler, 2006; Shea and Smart, 2006). In the Russian year-
variometery the temperature above a reference paiptgnd books analysed in this study the time in hourly observations
H is the local horizontal field intensity. ThE-magnet was was given in the @ttingen time until 1856 (1857 in St. Pe-
a special layered construction that minimized the temperatersburg) and later in local solar time (LT).6@&ngen time
ture effect and thus no temperature corrections were needeéads by 0.66 hours the present day Universal Time (UT).
(Tyasto et al., 2009). However, Wild (1872) redetermined In this study the time of the magnetic data series has been
the scale values in 1870 and found that the temperature cczonverted in UT.
efficient was non-negligibly 7.7 nTC. In this study we have
omitted the temperature correction because most of the data
are without temperature information. The scale values of3 Digitization of tabulated observatory data
the variometers analysed in the present analysis are given b& _ .
Nevanlinna (2008) and Tyasto et al. (2009). For more techni-OPServatory yearbooks were photographed by using an ordi-
cal details, see Lamont (1867), Kupffer (1843), Nevanlinna”aryfmg'tal camera for the years 1850—1862 from four obser-
and Ketola (1993) and Nevanlinna (1997). vatories (STP, EKA, BAR and NER) shown in Table 1. 'Each
, , double page contains data from two months arranged in rows

Normally, observations were taken_ at one-hour intervals, 4 columns as depicted in Fig. 2. The layout of the year-
but on prearranged term days in 5-min intervals. The term+,q taples was kept the same from 1841 to 1864. This made
day observations provided the raw material for studies Ofi hossiple to convert the jpg pictures to digits using the same
magqetlc storms.recorded smgltaneously at magnetic Obsef:'omputer program without changes from year to year. Each
vatories over a wide geographical extent. double page of a jpg picture consists of 25@D00 pixels.

In the 19th century coordinated magnetic observationsSingle columns, rows and digits were identified from the in-
were usually made according to thétingen astronomical tensity difference between the white background and dark
time where 0h corresponds to noon and 12 h is midnightprinted area. Each digit was recognized by the maximum

www.ann-geophys.net/28/917/2010/ Ann. Geophys., 28,926-2010
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Fig. 3. Black: Hourly values (spot readings) of magnetic decli-

nation (AD) (in minutes) for 1850-1862. Spikes represent mag-

netically disturbed storm hours. Red: Secular variatiodfom  Fig. 4. Hourly values (spot readings) of the magnetic horizontal
Golovkov et al. (1983). component AH) in nT 1850-1862. The high spikes here and in

Fig. 3 in 1859 (August-September) are signatures of the famous
Carrington magnetic storm.
correlation between digit pixels and those of a known test
number. Errors in number identifications were only a few
percentage, but a considerable amount of errors was found t§  Time series of magnetic data 18501862
be typing misprints in the original yearbook tables. In the vi-
sual quality control of the data series suspicious single spiked he scale value readings of tiie and H-variometers can be
in hourly values were correlated with the data from other ob-converted to magnetic field variations by using Egs. (1) and
servations and clearly erroneous data points were discarde?) (without the temperature correction term f&n. The
The present study comprises about 450 000 hourly values ofonversion factors needed in Egs. (1) and (2) for each obser-
D andH for 13 years from 1850-1862. vatory are given by Nevanlinna (2008).

In recent years much effort has been done for rescuing Figure 3 shows times series of hourly records of the D-
historical magnetic data according to the resolutions of thecomponent 1850-1862 at STP, EKA, BAR and NER. Spikes
International Association of Geomagnetism and Aeronomyrepresent magnetically stormy hours of which the Carring-
(IAGA). Recent examples of this kind of work are the digi- ton storm sequence in August—September 1859 is the most
tisation project of historical magnetograms of the UK obser-prominent.
vatories back to 1848 (Clarke et al., 2009) and a similar task The construction of the D-variometer was such that the
in France back to 1883 (Fouassier and Chulliat, 2008). magnet points to the magnetic north direction. As this direc-

tion changes slowly from year to year due to the secular vari-
ation, the D-magnet follows the secular change as well as the
high frequency transient variations. This can be seenin Fig. 3
where the annual secular change is depicted together with
the hourly values. Values of secular change were obtained
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and daily variation with its subharmonics.
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from the data compilation by Golovkov et al. (1983) con-
taining annual mean values of the magnetic field observed .
at world magnetic observatories (these values are also avail w5 T T T T T T T
able at the WDC for Geomagnetism in Edinburgh, UK). The = v
annual secular variation data from the Russian observatories
are based on absolute measurements carried out in the obse
vatories roughly once per month. Secular variation changes,, |
systematically at each observatory but their trends are diﬁer-%
ent because of the large distances between the observatorie™
At STP the systematic secular variation trend breaks down at 4|
about 1855 after which there have been quasi-periodic vari-
ations of unknown reason until the end of the observation — 'Ha 5 & s w6 150 152 T T 1w w0 1802 86 TR R
series in 1862. veur

Figure 4 shows the time series of hourly values of the H-
component 1850-1862. They show similar systematic variarig. 6. Upper panel: Annual means of daily magnetic activity in-
tions and trends as the corresponding serie®.oHowever,  dex (Ak) from Russian observatories and Helsinki (HEL) as cal-
in H the systematic change from year to year is not due toculated from the D-component. Mid-panel: Activity indices as
the secular variation but is caused probably in slow weaken<alculated from the H-component. Dotted line: Annual means of
ing in the magnetic moment of the magnets and changes igunspot numbers. Lower panel: Mean values of activity indices
the torsional forces in the bifilar recording devise. based on H- and D-data for Helsinki (HEL) (dots), the Russian sta-

As can be seen in Figs. 3 and 4 the occurrence of majofions (Mean Russia) (circles) and tli®-activity index calculated
magnetic storms is clearly higher in STP than in other Rus-om STP (squares).
sian observatories located at lower latitudes (see Table 1).
STP is a subauroral station and the frequency of great madas the three-hour K-index, or global, for example Dst, Ap or
netic storms is therefore greater than in the more souther@a based on magnetic data from several observatories (Ran-
sites. garajan, 1989). In space climate studies, an important re-

Figure 5 shows a FFT-spectrum analyses (STP, H-quirement is the long time coverage and the homogeneity of
component) of hourly values 1850-1862. Spectral spikes cafhe index series. The longest available global index series
be seen in annual, semiannual, (weak) solar rotation (27 d)is the three-hour aa-index belonging to the K-index family
and daily variation (24 h). The daily variation peak splits to (Menvielle and Berthelier, 1991). It is based on magnetic
three subharmonics at 12, 8, and 6 h, respectively. recordings of two almost antipodal observatories in Australia
and UK. The aa-series covers the years since 1868. The Dst-
index have been reconstructed since 1958 and Ap since 1932.

sk

8- Mean HEL
35k —o- Mean Russia
-+ 9

RADUT AJTATIOW SRy

5 Magnetic activity
Recently, new indices (e.g., Inter-Hour Variability Index,

Terrestrial magnetic activity is a signature of space weathetHV) have been introduced when old magnetic data from the
conditions in the Earth’s magnetosphere ultimately governedl9th and early 20th centuries have been utilized in various
by solar activity. In space climate studies utilizing geo- studies concerning, e.g., the long-term trends in the magnetic
magnetic observations, magnetic indices are widely used foactivity or reconstruction of solar wind parameters for space
characterizing space weather and climate changes in differelimate analysis (e.g., Svalgaard and Cliver, 2007; Rouillard
ent time scales. Indices are either local for a single site, suclet al., 2007; Mursula and Martini, 2007).
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The same procedure of index calculations as described
above for the Helsinki data was applied to the Russian mag-
netic observatory dataH and D) 1850-1862. It was found
that the lower limit (in nT) of theK=9 for each observa-
tory and for both H- and D-components were as follows:

: STP 140, EKA 115, BAR 100, and NER 90. The limit values
2L ] decrease with decreasing magnetic latitude. The three-hour
T T e A K-indices were converted to daily values (Ak). Their annual
Year means (Helsinki activity data included) can be seen in Fig. 6
' ' ' ' and daily running means (365d) in Fig. 7. The gaps in the
daily series were filled by a linear interpolation. Short jumps
in the original time series were not corrected, and there are
thus apparent activity spikes at the discontinuities. However,
in the annual means shown in Figs. 6 and 7 they smooth out.
The activity period studies here overlaps partly the solar
il o ] cycles 9 and 10 for the years 1843-1867. The solar max-
T T A ima were in 1848 and 1860, and minima in 1843, 1856 and
vear 1867. The Russian activity index series show a minimum at
1856 coinciding with the solar cycle minimum. There were

Fig. 7. Upper panel: 365 d running means of normalized daily activ- WO geomagnetic activity maxima at 1852 and 1860 shown
ity indices (Ak) as calculated from the D-component. There are datdn the Russian data series and one more in about 1866 in
from four Russian observatories together with the Helsinki data (seéhe Helsinki series. During both solar cycles 9 and 10 there
Table 1). Lower panel: Same as above but for the H-component. can be seen the Gnevyshev gaps (Gnevyshev, 1967) lowered
magnetic activity period closely after the sunspot maximum.
The first activity maximum in the cycle 9 occurred in 1848
The K-indices were originally hand-scaled from analogue simultaneously with the sunspot maximum as can be seen in
magnetograms. However, there are several algorithms thahe Helsinki activity series (Figs. 6 and 7). The correspond-
are now used for automatic production of the K-index from ing activity maximum during the cycle 10 was at about 1860.
digital magnetic 1-min data (e.g. Menvielle et al., 1995). In  The time variation of the Russian activity series AR(
an earlier study (Nevanlinna, 2004) we applied the so-callecand Ak(D) (Fig. 6) follows rather closely the correspond-
FMI K-index method (Sucksdorff et al., 1991) for calcula- ing curves obtained from the Helsinki data except thesk(
tions of the activity index from Helsinki data. In this pro- curve of EKA, which is anomalously low for reasons un-
cedure the regular daily variatiol§i{ is removed by fitting  known. However, if the activity indices are normalized by
a superposition of harmonic waves for each 24-h data seriesubtracting the mean value from each individual time series
before the K-indices were determined from the residual. Be-and dividing the residual by the standard deviation, we get
cause the Helsinki data consists of discrete hourly readingsactivity curves depicted in Fig. 7 showing good agreement
the activity index series must be calibrated to correspond tmf the time variations. The data in Fig. 7 are 365d moving
a continuous magnetic recording. This was done by adjustaverages of daily values of AK() and Ak(D). One can see
ing the percentage occurrence rate of 3-h K-indices in eachhat the scatter in the AKY)-curves is smaller than in AE()
of 10 bins (0, 1, ..., 9) to be the same as in the correspondand there is a temporary deviation of EKA in AX{ around
ing distribution from the present day Nuri@fyi observatory.  1854.
Nurmijarvi is close (40 km) to Helsinki, and it can be thus  The activity index (Ak) curves derived here from the Rus-
expected that space weather conditions are similar at botkian observatories (1850-1862) as well as the corresponding
observatories. The calibration was achieved by varying thedata from the Helsinki observatory have been completed for
Helsinki K=9 lower limit (K9). The best correspondence the period 1841-1862 by another activity index calz@
with Nurmijarvi was attained by fixing9=200 nT for both  (for its definition, see Rangarajan, 1989). It has been de-
D- and H-variations. Th& =9 limit at Nurmijarviis 750nT.  termined by Zosemovich (1981) using the daily recordings
Long-term averages of the Helsinki index and the cor-of STP. TheC9 index measures the daily amplitude of the
responding global aa are in good mutual agreement. Imrmagnetic disturbance®(or H) after subtracting the regular
monthly means, the correlation coefficient for the overlap-magnetic field variation. It thus closely related to the Ak-
ping time period 1868-1897 is about 0.9. Although theindex studied here. Figure 6 (lower panel) shows the annual
Helsinki activity index is not exactly equivalent to the global means of theC9 together with the mean values of annual
aa-index, they can be used as an (pseudo) extension of thek(H) and Ak(D) from four Russian stations and the same
aa-index for about two solar cycles 1844-1868 (Nevanlinnafrom Helsinki. One can see that the time variations of the
and Kataja, 1993; Nevanlinna, 2004). different activity indices are rather similar. When Helsinki

(D)

Homnalized acitivity index Ak

Nommalized daily index Ak{H)
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Table 3. Extended aa-index series from Helsinki four Russian ob- der work. The jpg pictures for the digitization were taken by
servatory data 1841-1868.

Year Index Data sources
1841 15.3 STP

1842 129 STP

1843 10.1 STP

1844 11.7 HEL+STP
1845 9.9 HEL+STP
1846 13.3 HEL+STP
1847 14.1 HEL+STP
1848 15.7 HEL+STP
1849 13.0 HEL+STP
1850 12.0 HEL+STP
1851 12.9 HEL+Russia
1852 17.5 HEL+Russia
1853 14.3 HEL+Russia
1854 13.2 HEL+Russia
1855 10.7 HEL+Russia
1856 7.9 HEL+Russia
1857 10.1 HEL+Russia
1858 14.9 HEL+Russia
1859 16.4 HEL+Russia
1860 16.4 HEL+Russia
1861 13.8 HEL+Russia
1862 15.6 HEL+Russia
1863 20.0 HEL

1864 19.2 HEL

1865 199 HEL

1866 14.8 HEL

1867 11.6 HEL

1868 13.1 HEL

a normal digital camera. The database obtained consists of
about 900 000 single data points. The time series of hourly
magnetic values reveal slow secular variations (declination
only) as well as transient and regular geomagnetic variations
of external origin. The quality of the observations is reliable
and the data can be used for space weather analysis and de-
riving activity indices for different time periods.

Daily Ak-indices were calculated using the index algo-
rithm that has been earlier applied to 19th century data from
Helsinki (Finland) as well as modern magnetic observatory
recordings. The activity index series derived from the Rus-
sian data is consistent with the Helsinki series. These data
can contribute to the extension of the global magnetic in-
dex series aa (1868 onwards) and other activity index series
derived from historical magnetic data. However, there are
clearly long-term (months to years) variations (Figs. 3 and 4)
in the data due to instrumental causes although their effect
on the homogeneity of the derived daily index series is not
serious as long as only longer term averages such as annual
mean values are considered.

The Russian geomagnetic observatory network estab-
lished by Kupffer in the 1830s was a great success and of
scientific benefit to the geomagnetic community of the 19th
century. Kupffer was a skilful organizer of the practical
work done in magnetic and meteorological observations. He
was also deeply experienced in the instrumentation needed
in various observations. The magnetic and meteorological
data collected at the observatories was treated, checked and
printed in yearbook tables rather soon (2—3 years) after each
observation year. There was a large number of data accu-
mulated from year to year. Annually more than 50 000 ob-
servations of magnetic and meteorological parameters were
carried out at each observatory and printed in the yearbooks.
Thanks to the efforts of the observatory staff supervised by
Kupffer there are now available good quality (in the stan-

activity index is compared with that of the mean Russiandards of the 19th century) magnetic spot data with hourly or

numbers, the difference is relatively small. The annugéd

bihourly resolution for many decades for space weather and

numbers from STP can be converted to the Ak-scale. Comeother solar-terrestrial studies.
bining all indices together we get an index series for 1841—
1868 that gives a more robust extension of the global aa-

index series than only using data from a single site (Helsinki)
as presented in the papers by Nevanlinna and Kataja (199
and Nevanlinna (2004) (see Table 3). The difference betwe
the Helsinki series and mean Russian stations is less than
Ak-unit in annual means during the overlapping time interval

of 13 years.

6 Conclusions

Appendix A

3'Phe magnetic variation data, hourly valuesifand D for

r%850—1862, from the Russian observatories STP, EKA, BAR
and NER (Figs. 3 and 4) can be obtained from the www-
site of the Finnish Meteorological Institute on request by the
authors.
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