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Fig. 1. Location of the Belsk, Hel, and Hornsund observatories. 

Table 1 

Coordinates of the Polish observatories 

Observatory 
Geographic coordinates Geomagnetic coordinates Elevation 

[m] Latitude Longitude Latitude Longitude 

Belsk (BEL) 51° 50.2′ N 20° 47.3′ E 50.32° N 104.97° E 180 

Hel (HLP) 54° 36.5′ N 18° 49.0′ E 53.30° N 104.30° E 1 

Hornsund (HRN) 77° 0.0′ N 15° 33.0′ E 74.26° N 124.03° E 15 

 

2.1 Central Geophysical Observatory at Belsk, Central Poland 

The Observatory at Belsk began continuous observations of the Earth magnetic field in 1965 

(Jankowski and Marianiuk 2007). It continued the activity of the first Polish magnetic 

Observatory at Świder near Warsaw, working incessantly through the years 1920–1975. The 

magnetic observations were transferred from Świder to Belsk because of a strong increase of 

artificial noise from the Warsaw agglomeration, in particular due to the electric railroad 

passing nearby the Świder Observatory. 
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Fig. 2. Belsk Observatory – Absolute House. 

The Belsk Observatory is located at a distance of about 50 km south of Warsaw and about 

2 km northwest of the village Belsk Duży. The premises of the Observatory, about 10 ha in 

area, is at the edge of the forest reserve Modrzewina, far away of people’s settlements and au-

tomobile traffic (Fig. 2). The Observatory is surrounded by typically agricultural regions 

(with fertile soil, mostly apple orchards), so the direct neighborhood is deprived of sources of 

major artificial geomagnetic field disturbances. It is only the electric railroad (DC powered) 

situated some 14 km away of the Observatory to the north that produces some small artificial 

magnetic disturbances, whose average level usually does not exceed 1 nT. 

More information about the region in which the Observatory is located can be found on 

the internet pages of Grójec district (https://en.wikipedia.org/wiki/Gr%C3%B3jec_County) to 

which the village Belsk Duży belongs. Relevant information about Belsk Observatory can be 

found at page http://www.igf.edu.pl/. 

2.2 Geophysical Observatory at Hel, Northern Poland 

The Observatory at Hel began continuous observations of the earth magnetic field in 1932 

(Jankowski and Marianiuk 2007). The observations were stopped in 1939, after the outbreak 

of World War II. During the war, the Observatory as well as its equipment and data were 

completely destroyed. After reconstruction, continuous observations at Hel were reasumed in 

1953.  

The Hel Observatory is located in a small resort town at the end of Hel Peninsula by the 

Bay of Gdańsk. It is the area of Seaside Landscape Park (Nadmorski Park Krajobrazowy), 

weakly industrialized and urbanized. The region, surrounded by water from three sides, lacks 

any major artificial noise and is a good place for continuous magnetic observations. 
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Fig. 3. Hel Observatory – the main gate. 

The observatory premises, about 4.5 ha in area, is surrounded by mixed forest (mainly 

pine and birch trees). Pavilions with measurement and recording instruments are located at 

small clearings (Fig. 3). 

More information about the town of Hel where the Observatory is located can be found at 

the address: http://en.wikipedia.org/wiki/Hel,_Poland. 

2.3 Polish Polar Station Hornsund, Spitsbergen 

The Polish Polar Station Hornsund (PSP Hornsund) is situated on the White Bear Bay 

(Isbjørnhamna) in Hornsund Fiord, Spitsbergen Island, Svalbard archipelago (Fig. 4). More 

information on the Svalbard Archipelago can be found at the address: http://en.wikipedia.org/ 

wiki/Svalbard. The Hornsund Station is the northernmost Polish scientific facility carrying out 

year-round activity. The Hornsund region is situated in a zone of strong magnetic field 

activity, much stronger than on the magnetic pole. Therefore, it is a very interesting place for 

magnetic observations. 

Polish geomagnetic observations in the Arctic were initiated during the II Polar Year; a 

magnetic station was then established by S. Siedlecki and C. Centkiewicz on the Bear Island. 

In the years 1932–1933, they had carried out continuous recording of magnetic field and per-

formed absolute measurements. Unfortunately, all data were destroyed during the war. In the 

years 1957–1958, in the framework of the International Geophysical Year, measurements of 

magnetic declination and inclination were made by J. Kowalczuk and K. Karaczun in five 

sites in the Hornsund Fiord region. 

Since the beginning of October 1978, continuous magnetic field recording has been put in-

to operation, and systematic absolute measurements have been implemented (Jankowski and 

Marianiuk 2007). Since then, PSP Hornsund has begun to fulfill all the requirements for geo-

magnetic observatory. 
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Fig. 4. The Recording House (left) and Absolute House (right) in Polish Polar Station Hornsund, 

Spitsbergen. 

Since 1993, PSP Hornsund has been participating in the IMAGE (International Monitor 

for Auroral Geomagnetic Effects) project. In the framework of this project, Hornsund data are 

being sent to Finnish Meteorological Institute once a month on the average and available on 

http://www.geo.fmi.fi/image/request.html. Since 2002, PSP Hornsund is included into the 

global near-real-time magnetic observatory network INTERMAGNET, sending the results, 

via Internet, to the GIN (Geomagnetic Information Nodes) centers in Edinburgh and Paris. 

3. INSTRUMENTATION 

3.1  Absolute measurements 

In all the three Polish observatories, the absolute measurements used for determination of 

bases of the recordings are performed by means of DI-flux and proton magnetometers. DI-

flux magnetometers measure the absolute values of the angles of declination D and inclination 

I, while the proton magnetometers measure the absolute values of the total magnetic field 

vector F. From the measured values of F, D, and I, we can calculate all the remaining 

magnetic field components, H, X, Y, and Z. 

The results of absolute measurements are determined by means of a special computer 

package ABS (author: M. Neska), which calculates the base values on the basis of data from 

the measurement protocol.  

The instruments for absolute measurements are listed in Table 2, and the basic parameters 

of the instruments in Table 3. 
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Table 2 

Instruments for absolute measurements 

 Belsk Hel Hornsund 

DI-fluxgate 

(fluxgate, theodolite) 

ELSEC 810, 

THEO-10B 

sn: 002208 

FLUX-9408 

THEO-10B 

sn: 160334 

GEOMAG-03 

THEO-010B 

sn: 06-2016 

Proton magnetometer 

PMP-8 

sn: 13/1998 PMP-5 

sn: 160 

PMP-5 

sn: 115 GSM-90 

sn: 9038262/96334 

Frequency of  

measurements 
4 per week 3 per week 4 per week 

 

Table 3 

Basic parameters of the instruments for absolute measurements 

Fluxgate declinometer/inclinometer GEOMAG 03 / THEO-010B 

Producer GEOMAGNET, Ukraine 

Mean square error of a horizontal direction σD ≈ ±5˝ 

Mean square error of a zenith direction σI ≈ ±5˝ 

Fluxgate declinometer/inclinometer ELSEC 810 / THEO-010B 

Producer ELSEC Oxford, UK 

Mean square error of a horizontal direction σD ≈ ±5˝ 

Mean square error of a zenith direction σI ≈ ±5˝ 

Fluxgate declinometer/inclinometer FLUX-9408 / THEO-010B 

Producer (FLUX-9408) Institute of Geophysics Pol. Acad. Sc. 

Mean square error of a horizontal direction σD ≈ ±5˝ 

Mean square error of a zenith direction σI ≈ ±5˝ 

Proton magnetometer model PMP-8 

Producer Institute of Geophysics Pol. Acad. Sc. 

Resolution 0.01 nT 

Absolute accuracy 0.2 nT 

Proton magnetometer model PMP-5 

Producer Institute of Geophysics Pol. Acad. Sc. 

Resolution 0.1 nT 

Absolute accuracy 0.2 nT 

Overhauser magnetometer model GSM-90 

Producer GEM Systems, Canada 

Resolution 0.01 nT 

Absolute accuracy 0.2 nT 
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Results of base determinations and the smoothed values adopted for further computations 

are depicted in Figs. 5, 8, and 11 in the chapters describing individual observatories. 

The mean random errors of a single base measurement, mB, and the number of measure-

ments n taken in 2019 are listed in Table 4. 

Thermal coefficients of magnetic sensors are not taken into account in calculations, with a 

view to the following facts: 

– tests made every few years indicated that the coefficients are very small, less than 

0.2 nT/°C,  

– the magnetic sensors are located in thermostat-controlled wooden boxes where the daily 

temperature variations are of the order of 0.3°C.  

Table 4 

Mean errors of measurements of BX, BY, BZ, and BF in 2019 

Observatory Element 

Number of 

measurements 

n 

Mean error 

mB 

[nT] 

Belsk 

BX 175 0.40 

BY 174 0.46 

BZ 190 0.23 

Hel 

BX 148 0.38 

BY 148 0.36 

BZ 150 0.26 

Hornsund 

BX 131 0.49 

BY 147 0.66 

BZ 140 0.23 

 

3.2 Recording of geomagnetic field variations 

As we already mentioned, the continuous digital recordings of geomagnetic field variations in 

all the Polish observatories are performed by means of magnetometers equipped with 

Bobrov’s variometers (PSM) or flux-gate sensors (GEOMAG, LEMI) and digital loggers 

NDL. In spare sets, we use magnetometers PSM or LEMI. Both the main and spare sets 

record the components in the rectangular coordinate system X, Y, Z. At Belsk and Hel, 

continuous recording of the total magnetic field modulus F is performed as well. The basic 

parameters of the recording systems are listed in Table 5. 

PSM magnetometers 

The PSM magnetometers were designed at the Institute of Geophysics PAS with the use of 

torsion quartz variometers of V.N. Bobrov system (Marianiuk 1977, Jankowski et al. 1984). 

In these magnetometers, the magnet’s deflections in response to the magnetic field changes 

are transformed by means of photoelectric converters into the electric current changes. Owing 

to a strong negative feedback, the voltage changes on the output of the converter are in linear 

proportion to the magnetic field changes. The magnetometers PSM are characterized by good 

stability, of about 3–5 nT/year, and small noise, below 10 pT. 

GEOMAG and LEMI magnetometers  

The magnetometers of GEOMAG and LEMI type were designed at the GEOMAGNET 

company and the Lviv Centre of the Institute of Space Research, respectively, in Ukraine. 


