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Abstract. The integration of magnetic observatories of many countries into the Intermagnet network has 

provided researchers with new opportunities to investigate many geophysical processes. The joint processing 

of measurement evidence from magnetic observatories located in various geolocations makes it possible to 

better understand the dynamics of the interaction of solar plasma fluxes with the Earth's magnetosphere. For 

the correct interpretation of the dynamics of physical processes, the accuracy of the time reference of 

measurement results is of great importance. The measurement results of local observatories were transformed 

to a unified ecliptic coordinate system oriented towards the Sun in order to extract small variations in the 

magnetic field occurring before the magnetic storm commencement. Before transforming the coordinates, a 

constant component equal to the average daily value of the magnetic field components was removed from the 

results of minute-by-minute measurements. Owing to the averaging evidence from 84 magnetic observatories 

of the Intermagnet network, variations in the magnetic field of cosmic origin, preceding the magnetic storm 

commencement were detected. The correlation analysis of these variations recorded by different observatories 

revealed the presence of time shifts between the data series of different observatories. Only 62% of the 

observatories had a relative data shift within the range of ± 1 minute. Before the joint data processing in order 

to efficient use of data recorded with a time shift a method for correcting time shifts has proposed.  

Keywords: intermagnet; supermag; ecliptic coordinate system; magnetic storms; violation of 

synchronization in operation of magnetic observatories; correlation; signal-to-noise ratio; SSC – 

storm sudden commencement; magnetogram; geomagnetism 

 

1. Introduction 

Intermagnet is a global network of stations observing the Earth's magnetic field for more than 

30 years. The aim of the Intermagnet project is to provide the global scientific community with high-

quality magnetic field observation evidence in different geographical locations of the Earth, for the 

possibility of different magnetic observatories data joint processing. The network of magnetic 

observatories providing Intermagnet with data is expanding. Figure 1 shows the current geolocation 

of magnetic observatories [1], covering the entire surface of the globe from the Arctic to Antarctica. 
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Figure 1. Map of magnetic observatories, with red color encircled members of the Intermagnet 

network. 

Intermagnet is attentive to the quality of the data received from the observatories involved in 

the project. There is a three-step data quality control procedure before this data is published. But not 

all data quality indicators can be verified. In particular, it is difficult to verify the accuracy of linking 

the measured data to a unified time. 

Article [2] reports the case, that occurred on March 7, 2013 at the Lanzhou Magnetic Observatory, 

China, of pulse per-second oscillator failing, controlled by GPS which remained unnoticed for a long 

time. Log file clocks was slowly shifting in time and was 27 seconds behind in 6 months. After 

adjusting the time on April 2, 2014, the lag accelerated to 2 seconds daily. The operation of the GPS-

controlled oscillator was restored only on July 8, 2014. 

During the joint postprocessing of data from magnetic observatories of the Intermagnet network 

in the time interval preceding the magnetic storm commencement authors [3] revealed the fact of 

mutual desynchronization of data from a number of observatories which negatively affected the 

results of data processing. The results of the joint processing of data of 84 magnetic observatories 

transformed to a unified ecliptic coordinate system have been reported on EGU24 conference. The 

aim of the work was the investigation of the initial stages of magnetic storms development. 

There are different ways of joint data processing of magnetic observatories to investigate 

different phenomena. Presentation has been reported [4], that in order to determine the intensity and 

strength of solar influences, it is important to deduce geomagnetic baselines that extract part of solar 

effect from the other overlapping sources in geomagnetic field signals. A derivation method based 

on standard algorithms for determining the geomagnetic baseline for data recorded at mid-latitudes 

has been described. In more detail the method is described in the article [5]. 

In [6], the effect of interplanetary coronal mass ejection on the Earth's magnetic tail was 

investigated. The effects of current sheet stretching were considered both after the SSC phase and 

during the main phase, which is necessary for an accurate description of the behavior of the 

magnetosphere during geomagnetic activity at solar events. 
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In order to assess the effectiveness of observations of auroral kilometer radiation (AKR) [7], as 

an indicator of the dynamics of sub-storms, data from the Wind satellite were jointly processed with 

data on sub-storms obtained from a network of ground magnetometers. 

To solve the problem of predicting the aurora and its location [8], machine learning based joint 

processing has been proposed. A search was carried out for the dominant periodicity in the 

recordings of the Earth's magnetic field from the SuperMAG magnetometer station network. Also, 

the use of machine learning has been proposed for the purpose of predicting changes in the 

geomagnetic main field and its secular variations [9]. As test datasets for machine learning the hourly 

averaging of magnetic observatory data was used. 

Presentation [10] has been reported on the proposition for using spectral processing (Singular 

Spectrum Analysis) to detect and reconstruct very weak geomagnetic signals hidden in noise. For 

this purpose, geomagnetic field quasi-periodic variations were investigated using records of 

geomagnetic observatory in the time interval from 1960 to 2009. 

In a work close to the direction of this research [11], the question of how solar wind energy flows 

through the Earth's magnetosphere, how it is transformed and how it is distributed was considered. 

The paper notes that ground magnetometers are an addition to satellite instruments, providing high 

resolution in time and space. 

2. Materials and Methods 

Intermagnet network magnetic observatories continuously register three components of the 

geomagnetic field in the directions: true north (X), east (Y) and the center of the Earth (Z). Magnetic 

observatories local coordinate systems are individual for each geographical location. In order to 

better understand the events occurring in the magnetosphere, various transformations of the 

coordinate systems of local observatories were attempted during their joint processing. 

In [12], eight different orthogonal and non-orthogonal magnetic coordinate systems used in joint 

data processing are described in detail: centered dipole; eccentric dipole; solar magnetic; geocentric 

solar magnetic; corrected geomagnetic; Quasi-Dipole; Modified Apex coordinates; dip latitude. For 

the purpose of analyzing ionospheric currents with magnetometers, it was proposed [13] to transform 

the components of the geomagnetic field into an adjusted geomagnetic system. 

Since the Sun is the main source of disturbance of the magnetosphere, for a detailed study of the 

effect of the solar wind and coronal mass ejections (CME) on the magnetosphere, it was proposed to 

transform the local coordinate system of each magnetic observatory into a unified ecliptic coordinate 

system in the direction towards the Sun. The local coordinate systems of the magnetic observatories 

were transformed into an ecliptic coordinate system as follows. The Z axis was directed towards the 

Sun, the X axis was directed towards the north pole of the ecliptic plane, and the Y axis, located in 

the plane of the ecliptic, was directed tangentially to the orbit of the Earth around the Sun (Figure 2). 

Thus, ground magnetic observatories were combined like antennas in phased antenna arrays to 

monitor the dynamics of magnetic variations and determine the directions of the sources of 

disturbances. At the same time, the constant component of the magnetic field, individual for each 

local observatory, was removed before the coordinate transformation in order to extract only 

common variations of magnetic field that is of cosmic origin. 

 

Figure 2. Transformation of the coordinate system of all magnetic observatories from a local one into 

a unified ecliptic coordinate system in the direction towards the Sun . 
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The constant components were calculated using the moving average method, for each 

component of the magnetic field separately, according to 1440 minute measurements for the previous 

day. These average values were subtracted from the original data series. After the constant 

components were excluded from the magnetograms, in order to increase the signal-to-noise ratio, the 

magnetograms of various magnetic observatories were averaged. This method makes it possible to 

increase the reliability, stability and informativeness of the measurement results, since, in fact, a 

coherent integration of weak signals of cosmic origin was performed with their representation in the 

form of a single magnetogram. An improvement in the signal-to-noise ratio was expected by a factor 

of M, where M is the number of observatories whose data were summarized and averaged. 

For the research we used the Intermagnet network database for 2005. The choice of the year was 

not fundamental, but the research group of authors simultaneously investigated the issue of the 

mutual relationship of variations in the Earth's magnetic field with the seismicity of the Northern 

Tien Shan region, data on which were available for 2005. From the database of Intermagnet network 

for 2005, data of 90 magnetic observatories were chosen, including the observatory of Almaty (Alma-

Ata “aaa”), where the research was carried out. 

Because of found data missing in the files of 6 observatories, significantly distorting the averaged 

results, the decision was made to not carry out averaging for all observatories. 

The increased informativeness of the averaged magnetograms of 84 stations after converting the 

local coordinates of the magnetic observatories into a unified ecliptic coordinate system allows us to 

reveal the features of various magnetic storms that were inaccessible before the conversion. Different 

types of magnetic storms for 2005 were considered. Figure 3 outlines the investigated magnetic 

storms. 

 

Figure 3. Magnetic storms of 2005. 

Figure 4 shows magnetograms of variations of the magnetic storm that took place from August 

31 to September 5, 2005, averaged over 84 magnetic observatories before (mean_av) and after 

(mean_md) coordinate system transformation. The dates below the graphs represented in days 

relative to January 1, 2005. 
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Figure 4. The average field of 84 magnetic observatories before (mean_av) and after (mean_md) 

coordinate system transformation. 

After the coordinate transformation, a sharp increase in field intensity was clearly highlighted 

in the second half of 242 days of 2005 (August 31). Most observatories registered a magnetic event, 

the vector of which (in converted coordinates) was the same, despite the fact that the observatories 

are located in very different geographical locations from the Arctic to Antarctica. This means, most 

likely, that it was an external magnetic field, the source of which was quite far away, compared with 

the diameter of the Earth. 

Changing the initial time by 1 hour time interval, mutual correlation coefficient between the 

magnetograms of the X, Y and Z components of the averaged variations of the magnetic field was 

calculated. The duration of the correlation interval also varied with increments of 1 hour. In a 2-hour 

time interval, starting at 18:00 UTC on August 31, the cross-correlation coefficients reached their 

maximum values (Table 1). The highlighted correlation interval is shown in Figure 5. 

Table 1. Correlation coefficients between the magnetograms of the X, Y and Z components of the 

averaged variations of the magnetic field. 

 
The beginning of countdown in hours 
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Between X and Y 

1 0,63 0,48 0,87 0,93 0,55 0,60 0,81 0,89 0,34 
-

0,33 

-

0,20 

-

0,55 

-

0,25 

2 0,71 0,93 0,98 0,96 0,53 0,79 0,96 0,81 0,55 0,22 
-

0,67 

-

0,21 

-

0,84 
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3 0,95 0,97 0,99 0,92 0,82 0,97 0,93 0,73 0,68 0,04 
-

0,67 

-

0,66 

-

0,77 

4 0,98 0,98 0,98 0,88 0,97 0,95 0,83 0,79 0,57 
-

0,12 

-

0,73 

-

0,62 

-

0,28 

5 0,99 0,99 0,97 0,96 0,96 0,86 0,81 0,75 0,53 
-

0,26 

-

0,66 

-

0,22 

-

0,64 

6 0,99 0,98 0,91 0,95 0,88 0,82 0,78 0,74 0,45 
-

0,29 

-

0,35 

-

0,57 

-

0,75 

7 0,99 0,82 0,89 0,88 0,83 0,79 0,75 0,69 0,40 
-

0,14 

-

0,62 

-

0,70 

-

0,75 

8 0,79 0,79 0,83 0,83 0,81 0,77 0,70 0,66 0,42 
-

0,48 

-

0,74 

-

0,72 

-

0,21 

9 0,73 0,75 0,80 0,81 0,78 0,72 0,67 0,66 0,10 
-

0,64 

-

0,76 

-

0,22 

-

0,12 

10 0,70 0,73 0,78 0,78 0,73 0,69 0,67 0,44 
-

0,12 

-

0,68 

-

0,31 

-

0,14 
0,16 

11 0,70 0,72 0,75 0,73 0,70 0,69 0,45 0,24 
-

0,21 

-

0,27 

-

0,22 
0,15 0,48 

12 0,69 0,70 0,71 0,70 0,70 0,47 0,25 0,14 0,05 
-

0,19 
0,06 0,48 0,64 

Between X and Z 

1 
-

0,24 

-

0,04 

-

0,73 
0,94 

-

0,32 

-

0,10 
0,46 0,91 0,09 0,37 0,22 

-

0,53 
0,74 

2 
-

0,69 

-

0,74 
0,26 0,94 

-

0,47 

-

0,37 
0,97 0,85 0,67 0,24 

-

0,49 

-

0,58 
0,56 

3 
-

0,82 

-

0,25 
0,67 0,80 

-

0,58 
0,96 0,95 0,77 0,62 0,11 

-

0,69 

-

0,03 
0,03 

4 
-

0,62 
0,38 0,70 0,25 0,95 0,95 0,85 0,73 0,60 

-

0,14 

-

0,43 

-

0,05 

-

0,12 

5 
-

0,19 
0,54 0,56 0,93 0,94 0,87 0,74 0,75 0,49 

-

0,06 

-

0,31 

-

0,16 
0,48 

6 0,09 0,52 0,93 0,93 0,88 0,77 0,75 0,71 0,50 
-

0,02 

-

0,33 
0,44 0,69 

7 0,23 0,90 0,92 0,88 0,79 0,77 0,73 0,70 0,48 
-

0,10 
0,23 0,68 0,72 

8 0,82 0,91 0,88 0,79 0,79 0,75 0,72 0,69 0,42 0,25 0,55 0,72 0,46 

9 0,85 0,86 0,78 0,79 0,76 0,73 0,70 0,66 0,49 0,53 0,62 0,47 0,40 

10 0,80 0,76 0,78 0,76 0,74 0,72 0,67 0,67 0,58 0,60 0,43 0,41 0,34 

11 0,69 0,76 0,75 0,73 0,72 0,68 0,68 0,69 0,61 0,42 0,38 0,35 
-

0,06 

12 
-

0,69 
0,73 0,73 0,72 0,69 0,69 0,70 0,69 0,47 0,38 0,32 

-

0,04 
0,01 

Between Y and Z 

1 0,39 
-

0,27 

-

0,81 
0,94 0,19 

-

0,48 
0,23 0,96 0,16 0,20 0,36 0,66 

-

0,02 

2 
-

0,65 

-

0,77 
0,26 0,96 

-

0,28 

-

0,70 
0,98 0,91 0,52 0,21 0,80 0,12 

-

0,36 

3 
-

0,82 

-

0,30 
0,70 0,81 

-

0,72 
0,95 0,96 0,88 0,52 0,69 0,76 

-

0,32 
0,41 

4 
-

0,64 
0,35 0,72 0,33 0,93 0,95 0,94 0,83 0,79 0,76 0,42 0,23 0,22 
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5 
-

0,21 
0,52 0,58 0,93 0,94 0,93 0,88 0,87 0,84 0,58 0,43 0,15 

-

0,34 

6 0,08 0,51 0,86 0,93 0,92 0,90 0,85 0,90 0,73 0,55 0,34 
-

0,32 

-

0,63 

7 0,22 0,67 0,87 0,92 0,90 0,87 0,88 0,84 0,69 0,46 
-

0,10 

-

0,60 

-

0,72 

8 0,45 0,67 0,86 0,90 0,88 0,89 0,84 0,81 0,62 0,07 
-

0,46 

-

0,70 

-

0,69 

9 0,44 0,66 0,84 0,88 0,89 0,84 0,81 0,77 0,30 
-

0,33 

-

0,59 

-

0,68 

-

0,68 

10 0,43 0,63 0,82 0,89 0,84 0,82 0,77 0,56 
-

0,10 

-

0,49 

-

0,59 

-

0,67 

-

0,57 

11 0,40 0,63 0,83 0,84 0,82 0,78 0,55 0,20 
-

0,30 

-

0,50 

-

0,58 

-

0,55 

-

0,70 

12 0,41 0,67 0,80 0,82 0,78 0,57 0,20 0,00 
-

0,32 

-

0,50 

-

0,50 

-

0,68 

-

0,36 

 

 

Figure 5. Correlation between X, Y and Z field components across 84 magnetic observatories after 

coordinate system transformation (mean_md). 

Taking the selected data interval of the Alma-Ata observatory (“aaa”) as a reference and shifting 

the reference interval within ± 15 minutes, the calculation of the mutual correlation coefficients with 

similar data intervals of other observatories was performed. At positions where the correlation 

coefficient reached its maximum value a time shift was revealed between the data from different 

observatories. 

3. Results 

The results of the correlation analysis are presented in Figure 6 in the form of histogram. The 

figure shows the number of observatories where the correlation coefficient reached values above 0,8 

within an interval of ± 5 minutes. 57 stations with a correlation above 0,8 out of 84 observatories were 

revealed for the X component, 33 stations with a correlation above 0,8 out of 84 observatories were 

revealed for the Y component, and 73 stations with a correlation above 0,8 out of 84 observatories 

were revealed for the Z component. A relatively large number of observatories whose correlation 

coefficient with the reference (observatory "aaa") did not reach 0,8 for the Y component can be 

explained by a smaller amount of variation along this coordinate (Figure 5) and some difference in 

the form of variation for the Y component of the observatory "aaa" from the average value (the reason 

of unlucky choice of reference). Due to the best signal-to-noise ratio with the reference variation, for 

the purpose of revealing discrepancy between the series of recorded data over time the Z component 

was selected. 
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Figure 6. Correlation analysis results histogram. 

The fact that there is a time shift in the operation of magnetic observatories has revealed a 

problem that may cause errors in the interpretation of the joint processing of magnetic field 

registration results of different observatories. Table 2 lists the location coordinates of 41 observatories, 

whose correlation coefficient was higher than 0,9 for the Z component with a time shift of ± 0 minutes 

relative to the Alma-Ata observatory. A time shift in the range ± 1 minute for the Z component was 

found for 52 observatories out of 84 (that is 62% of the total) with a correlation coefficient above 0,9. 

Table 2. Coordinates of 41 observatories with zero-time deviation and correlation coefficient above 

0,9 for Z component of the field. 

Z_md Observatory code Latitude Longitude Correlation coefficient for Z component 

1 "aaa_md.dat" 43,25 76,92 1 

2 "aae_md.dat" 9,035 38,77 0,964 

3 "aqu_md.dat" 42,38 13,32 0,949 

4 "bdv_md.dat" 49,08 14,02 0,908 

5 "bfe_md.dat" 55,625 11,672 0,922 

6 "bmt_md.dat" 40,3 116,2 0,921 

7 "box_md.dat" 58,07 38,23 0,966 

8 "clf_md.dat" 48,025 2,26 0,959 

9 "cnb_md.dat" -35,32 149,36 0,92 

10 "cta_md.dat" -20,09 146,264 0,984 

11 "dou_md.dat" 50,1 4,6 0,95 

12 "esk_md.dat" 55,314 356,794 0,977 

13 "fur_md.dat" 48,17 11,28 0,959 

14 "gck_md.dat" 44,633 20,767 0,969 

15 "gna_md.dat" -31,78 115,947 0,983 

16 "gua_md.dat" 13,59 144,87 0,962 

17 "gui_md.dat" 28,321 343,559 0,975 

18 "gzh_md.dat" 23,97 112,45 0,971 

19 "had_md.dat" 51 355,52 0,955 

20 "hlp_md.dat" 54,604 18,811 0,988 
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21 "hon_md.dat" 21,32 202 0,929 

22 "hrb_md.dat" 47,873 18,19 0,98 

23 "hua_md.dat" -12,05 284,67 0,986 

24 "irt_md.dat" 52,27 104,45 0,987 

25 "kdu_md.dat" -12,69 132,47 0,979 

26 "kny_md.dat" 31,42 130,88 0,953 

27 "lzh_md.dat" 36,087 103,845 0,965 

28 "mab_md.dat" 50,298 5,682 0,956 

29 "mbo_md.dat" 14,39 343,04 0,945 

30 "nck_md.dat" 47,63 16,72 0,99 

31 "ngk_md.dat" 52,07 12,68 0,964 

32 "nur_md.dat" 60,51 24,66 0,901 

33 "nvs_md.dat" 54,85 83,23 0,966 

34 "phu_md.dat" 21,03 105,96 0,973 

35 "qsb_md.dat" 33,871 35,644 0,973 

36 "spt_md.dat" 39,55 -4,353 0,919 

37 "thy_md.dat" 46,9 17,89 0,999 

38 "tsu_md.dat" -19,202 17,584 0,988 

39 "val_md.dat" 51,933 349,75 0,904 

40 "vss_md.dat" -22,4 316,35 0,99 

41 "wng_md.dat" 53,725 9,053 0,991 

It should be noted that the observatories of both the northern hemisphere and the southern 

hemisphere are presented in the table data list. 

Table 3 lists the correlation coefficients for magnetic observatories, the data of which are used to 

calculate the Dst index. There were data missing in the San Juan Observatory (sju) data for this month, 

and this data was not used for joint processing. 

Table 3. Correlation coefficients for Z component of the field of 4 observatories, the data of which are 

used to calculate the Dst index. 

Z_md 
Observatory 

code 
Latitude Longitude 

Correlation coefficient for Z 

component 
Time shift 

1 "her_md.dat" -34,43 19,23 0,881 +2 minutes 

2 "hon_md.dat" 21,32 202 0,929 0 minute 

3 "kak_md.dat" 36,23 140,19 0,964 -1 minute 

4 "sjg_md.dat" 18,11 293,85 data missing 
data 

missing 

As follows from the data listed in Tables 2 and 3, the observatories that recorded the event on 

August 31, 2005 in the same way were located in very different geographical locations, which 

confirms the assumption that the source of the registered variation of the magnetic field was in space, 

far enough from Earth. With a more careful approach at choosing a reference, the correlation 

coefficients would be slightly different, but this would not affect the conclusion about the interval of 

the time shift. 

Figure 7 shows the result of averaging the data of the observatories selected by time shift 

criterion. The blue line represents the average magnetic records of 41 magnetic observatories with 

zero time deviation with a correlation above 0,9, shown in Table 2. The green line represents the 

average magnetic records of 52 magnetic observatories with a time deviation of no more than a 

minute with a correlation above 0,9. The red line represents the magnetic records for the “aaa” station. 
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Figure 7. Averaging of selected observatories magnetograms. The blue line represents the averaged 

magnetic recordings of 41 magnetic observatories with zero-time deviation. The green line represents 

the averaged magnetic recordings of 52 magnetic observatories with a time deviation of no more than 

a minute. The red line represents the magnetic recordings of the Alma-Ata (“aaa”) observatory. 

The obtained results show that the proposed method of averaging magnetic observatory data in 

ecliptic coordinates allows for more efficient joint data processing of the Intermagnet observatory 

network, revealing trends in magnetic field intensity variations several hours before the storms 

themselves commencement, which was the topic of the report [3] at the EGU international conference 

in Vienna. 

4. Discussion 

The results of postprocessing the data obtained in 2005 have been presented in paper. It is 

possible that this aspect of the violation of the quality of the recorded data has already been 

eliminated, but probably, taking into account given the published data [2], this problem may exist. 

The presence of shifts in the time series could possibly lead to an incorrect interpretation of the data 

obtained by other researchers earlier, for example, when calculating the coordinates of the virtual 

magnetic pole [14]. Nevertheless, the data from previous years can be corrected, since the described 

method allows to determine the amount of time discrepancy in the data files recorded by different 

magnetic observatories. In the near future, authors plan to test the method of correcting data over 

time, and evaluate the effect of the adjustment. 
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Another problem that requires a logical explanation is the fact that there are a number of stations 

where the described event was not registered. A more thorough analysis of this situation is required. 

As one of the versions, authors consider the presence of some data noise due to industrial 

interference, which does not affect the registration of the common field, but prevents the registration 

of small variations. 

The described method was tested on with per-minute averaged data. Testing the method on per-

second registration data will allow for more accurate determination of the available time shifts in the 

data of various magnetic observatories and, possibly, will give a "boost" to new research. 

Probably, the proposed method could become the basis for a new methodology for calculating 

the Dst index based on data from a larger set of observatories than is currently being done, although 

this proposal is debatable. 

In any case, the proposed method for revealing time discrepancies can be used by the 

Intermagnet network as a tool for quality control of the data provided. 

5. Conclusions 

Results of the investigation on the international Intermagnet magnetic observatories data joint 

processing in a unified coordinate system have been presented in this paper which revealed the 

presence of time discrepancies in data from various magnetic observatories. 

In order to observe magnetic field sources of cosmic origin the procedure of transforming initial 

magnetic recordings of the Intermagnet network observatories into a single magnetogram has been 

presented. 

In order to check the quality of magnetic observatory data on time shifts a method for extracting 

magnetic variations has been proposed, which can be used as a reference. 

Improvement in the signal-to-noise ratio, owing to the joint processing of data from many 

observatories has been demonstrated. 
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