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Abstract. In spite of significant progress in the develop-

ment of new devices for magnetic measurements, mathemat-

ical and computational technologies for data processing and

means of communication, the quality of magnetic data acces-

sible through the data centres (for example, World Data Cen-

tres or INTERMAGNET) still largely depends on the actual

conditions in which observation of the Earth’s magnetic field

is performed at observatories. Processing of raw data of mag-

netic measurements by observatory staff plays an important

role. It includes effective identification of noise and elimina-

tion of its influence on final data. In this paper, on the basis

of the experience gained during long-term magnetic monitor-

ing carried out at the observatories of IKIR FEB RAS (Rus-

sia) and CSIR-NGRI (India), we present a review of methods

commonly encountered in actual practice for noise identifi-

cation and the possibility of reducing noise influence.

1 Introduction

Magnetic measurements at observatories are an important

source of information for studying the processes in the

Earth’s interior and near-Earth environment that substantially

supplements the data obtained from satellites during mag-

netic surveys or from temporary stations. Currently, about

130 magnetic observatories are integrated into the global

observation network INTERMAGNET (www.intermagnet.

org), which established the standards for measurements, pro-

cessing and transmission of the data. INTERMAGNET stan-

dards define the requirements for technical parameters of

variational and absolute observations, set the requirements

for the accuracy of final data (INTERMAGNET Tech. Ref.

Manual, 2012) and specify some noise characteristics of the

raw data (Turbitt et al., 2014). However, the requirements for

the detection and processing of some types of noise, such as

spikes or jumps, are addressed at the level of individual ob-

servatories. Final data from INTERMAGNET observatories

(quasi-definitive and definitive) undergo multistage control,

but their validity and reliability greatly depend on the quality

of the raw results of magnetic measurements.

There are a lot of reasons as to why the data quality de-

creases, for example methodological and hardware (techni-

cal) problems, organizational difficulties and noise caused

by the environment. Methodological issues are solved in

large part by standard requirements according to which mea-

surements are carried out (for example, INTERMAGNET

standards in INTERMAGNET Tech. Ref. Manual, 2012)

or in guides for organization of magnetic measurements

(Jankowski and Sucksdorff, 1996; Nechaev, 2006). Hardware

problems are mainly solved by the developers at the level

of production (development and production of magnetome-

ters) and partly by a user at an observatory (calibration, com-

parisons, etc.). As a result of the influence of many exter-

nal sources, noise manifests as signals in the magnetic field,

which are recorded by magnetometers. Considerable parts of

papers on noise in magnetic measurements are devoted to

hardware noise or noise from uncontrolled sources. The first

type is oriented to the developers, and in many cases devel-

opers are authors and co-authors (see, for example Denisov

et al., 2006; Hegymegi et al., 2016; Khomutov et al., 2016).

The second type, in turn, represents almost the whole of sci-

entific research, with the results of an investigation of noise

properties, physics of their sources, etc. (see Maule at al.,

2009; Neska et al., 2013; Santarelli et al., 2014). At the same
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time, both the first and the second types of paper are not of-

ten given the practical recommendations to magnetologists –

that is, specialists at observatories, who directly make mag-

netic measurements and process raw data.

Therefore, it seems necessary to make a review of man-

made disturbances, which are most frequently encountered

in the raw magnetic data and to show examples of possi-

ble methodological and software techniques that allow us to

eliminate the noise with varying efficiency. As the initial data

for the analysis, we considered the results of magnetic mea-

surements, which are carried out at INTERMAGNET obser-

vatories: Paratunka, Magadan, Khabarovsk (Russia) and Hy-

derabad (India). In addition, data from the Cape Schmidt and

Choutuppal observatories were used.

The topicality of the information is confirmed by the fol-

lowing:

1. A new generation of magnetologists ensures that all

possible problems at the observatories can be solved

by modern technologies. At the same time, the lack of

experience of real work at magnetic observatories and

the absence of full information about actual conditions

of measurements can lead to serious negative conse-

quences.

2. Due to the specific nature of the subject (mainly dis-

cussed by a narrow circle of specialists, who monitor

the magnetic field at the observatories), the results and

the conclusions of these discussions remain inaccessible

through publications, and in the best case, they appear

in the conference proceedings, i.e. are limited in distri-

bution.

3. The amount of data with which scientists have to deal

has grown significantly. It is almost impossible to per-

form a sufficiently correct estimation of the quality of

these data, because we deal with the final results of mea-

surements carried out at the observatories, and there is

no information indicating the nature of potential prob-

lems in this data.

The term “noise” is relative and significantly depends on

the specific problems to be solved, used equipment, require-

ments of accuracy and time resolution, and so on. For ex-

ample, temporary signals in the magnetic field caused by

the sources in the ionosphere–magnetosphere are consid-

ered as noise during ground magnetic survey and interpre-

tation of its results. Concerning the magnetic measurements

at INTERMAGNET observatories, the signals, which have

sources closer than a few tens of kilometres, can be conven-

tionally considered noise (see, for example, Santarelli et al.,

2014). Of course, there are some powerful sources of man-

made noise such as DC railways, which in the case of appro-

priate conductivity of the upper layer of the Earth’s crust can

produce a significant effect in the magnetic data at large dis-

tances. On the other hand, some natural phenomena can have

smaller spatial sizes than the limit value given above, for ex-

ample tectonomagnetic and seismomagnetic effects with typ-

ical distances to the suspected source of tens of kilometres.

An indication of recognition of the signal as noise can pro-

vide the typical duration of this signal. We can be assume that

this time is generally not significant, for example, about 1 h

and shorter. At the same time, it is necessary to keep in mind

that there are many natural signals with the considered dura-

tions. There are also many examples of noise with spectrums

similar to natural signals, which can last from days up to

months. However, even such random noise often represents

a mixture (superposition) of many signals which have much

shorter characteristic time of existence (seconds or minutes)

and clear structure. For example, railway signals in magnetic

measurements have a pulse or rectangular shape at a short

distance from the railway (Neska et al., 2013). Therefore, the

efficiency of the time criterion for an estimation of the noise

is low.

In this work we will classify noise, which is encountered

most frequently in actual magnetic measurements at the ob-

servatories of IKIR FEB RAS and CSIR-NGR, and illustrate

them with some characteristic examples. Naturally, the de-

scription and the samples are quite limited, since the variety

of noise is extremely large. We will consider only the noise,

the man-made nature of which has already been proved or the

structure of which allows us to interpret it unambiguously.

Magnetic signals with features of noise, but with unknown

sources, are not in the scope of this work. The data used

in this paper were processed using the tools of a MATLAB

mathematical software package (www.mathworks.com) and

by application software applied to MATLAB and Octave

(http://www.gnu.org/software/octave/) environments used at

observatories.

2 Initial data, description of observatories

In this paper we apply the data collected during regular

magnetic measurements at the observatories of IKIR FEB

RAS (Russia) and CSIR-NGRI (India). The observatories are

listed in Table 1, their location is shown in Fig. 1. Table 1

shows the name of each observatory, IAGA code, geographi-

cal coordinates, institute and status in INTERMAGNET net-

work, and magnetometers.

All listed observatories, with the exception of the Hyder-

abad observatory (HYB), are located far enough from big

cities, but in the vicinity of small settlements. There are no

powerful sources of potential noise, such as factories and

railways nearby (up to 10–30 km). HYB is located within

the city and an above-ground subway line has been recently

built a few hundreds of metres from the pavilions. Russian

observatories CPS, MGD, PET and KHB were built in the

1960s according to the requirements for complex magnetic-

ionospheric stations in the USSR, with a wide range of geo-

physical observations. As a result, there are other observa-
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Figure 1. Location of magnetic observatories of IKIR FEB RAS (CPS, KHB, MGD and PET) and CSIR-NGRI (HYB and CPL). Iso-

lines show horizontal component H (green lines) and declination D (red lines) according to IGRF12 model. Yellow triangles are the

INTERMAGNET observatories, red stars are non-INTERMAGNET observatories.

Table 1. List of magnetic observatories, the data of which are used in this article. The magnetometers are marked by normal font for vector

devices and italic font for scalar ones. IMO is INTERMAGNET magnetic observatory.

Observatory IAGA Lat(N) Lon(E) Institute Magnetometers

Cape Schmidt CPS 68.9 180.6 IKIR dIdD, Magdas, POS-1

Magadan MGD 60.1 150.7 IKIR, IMO FGE, FRG-601, Magdas, dIdD, GSM-90, POS-1

Paratunka PET 53.0 158.2 IKIR, IMO FGE, FRG-601, Magdas, dIdD, POS-4, GSM-90, POS-1

Khabarovsk KHB 47.6 134.7 IKIR, IMO dIdD, Quartz-06, POS-1, GSM-19W

Choutuppal CPL 17.3 78.9 NGRI FGE, GEOMAG-02M, GEOMAG-02MO, GSM-90, GSM-19W

Hyderabad HYB 17.4 78.6 NGRI, IMO FGE, GEOMAG-02, GSM-90, GSM-19W

(1) GSM-90 (http://www.gemsys.ca/scalar-magnetometers/), GSM-19 (http://www.gemsys.ca/rugged-overhauser-magnetometer/) and POS-1

(http://magnetometer.ur.ru/content/view/15/30/lang,en/) are scalar Overhauser magnetometers. (2) dIdD GSM-19FD (http://www.gemsys.ca/vector-magnetometers/)

and POS-4 (Sapunov et al., 2016) are vector magnetometers with Overhauser sensor in coil system. (3) MAGDAS (MAGDAS-A Installation Manual, 2005), FRG-601

(3-component fluxgate magnetometer FRG-601G, 2002), FGE

(http://www.space.dtu.dk/english/research/instruments_systems_methods/3-axis_fluxgate_magnetometer_model_fgm-fge) and GEOMAG-02M (Nelapatla et al.,

2017) are fluxgate magnetometers. (4) Quartz-06 is magnetometer with Bobrov’s quartz sensors (IZMIRAN, Moscow).

tion systems in the immediate vicinity of magnetic pavil-

ions, which are potential sources of interference, for example

ionosondes for vertical sounding of the ionosphere. More-

over, due to the limited area, there are some facilities such as

garages with heavy machinery, wells and electricity power

equipment near the observatories, which may influence the

magnetic measurements.

Extreme climate conditions at IKIR observatories are of

great importance. For MGD and KHB observatories, sharply

continental climate with seasonal changes of temperature

from −40 to +30 ◦C is ordinary. The CPS observatory is lo-

cated in the High Arctic zone with very hard climate con-

ditions. The PET observatory is characterized by an abun-

dance of precipitation and the level of snow in winter is up to

2 m. These conditions require special and expensive means

with which to provide the required temperature conditions in

magnetic pavilions. Special machinery is necessary to clear

snow from the paths to the pavilions, which may also affect

the quality of measurements. We should mention such fea-

tures, as stability of an external power supply is difficult to
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Figure 2. Example of regular noise in magnetic data arising during ionosonde operation. (a) At the Magadan observatory the ionosonde

operates with a 5 min periodicity and makes noise signals in all components, recorded by FGE fluxgate magnetometer. (b, c, d) At the

Paratunka observatory the ionosonde operates with 15 min periodicity. The effects appear in all records of fluxgate variometer FGE, mainly

in the vertical component Z. These spikes are visible in the differences between total intensity F (var), calculated from FGE data, and F (scal)

calculated from scalar magnetometer GSM-90 (b). Subplot (c) shows the differences between Z records of FGE (with noise from ionosonde)

and Japanese fluxgate magnetometer FRG-601, which is not affected by ionosonde activity. Subplot (d) shows the result of clearing the

ionosonde effects from FGE records.

provide at the observatories remote from densely populated

areas, as well as ground connection quality due to the nature

of the ground (at Cape Schmidt and Magadan). For Indian

observatories climate conditions are also a significant prob-

lem: high temperatures throughout the year and a rainy sea-

son with high humidity.

3 Description and classification of noise in raw data

3.1 Regular and random noise

In order to develop a mechanism to deal with noise effec-

tively, it is necessary to recognize its nature and to classify

it as regular and random, frequent and rare, etc. Generally,

regular noise is the result of technical problems with measur-

ing equipment or interference from other devices operating

in the vicinity of a magnetometer. An indicative example of

regular noise is interference in the magnetic data that arises

when ionosondes are operating. This is quite a common prob-

lem at integrated remote observatories, where it is physically

and organizationally impossible to place magnetic and iono-

spheric measurements at a far enough distance.

Figure 2 (left panel) shows the hourly record from the

Magadan observatory obtained by fluxgate magnetometer

FGE with Magdalog datalogger. It contains noise caused by

ionosonde operation with regular sessions every 5 min. These

spikes have quite large amplitude and duration and produce

significant noise in the minute data obtained by averaging us-

ing the Gaussian filter (INTERMAGNET standard). A sim-

ilar picture of interference caused by an ionosonde during

vertical sounding every 15 min is also visible on the daily

record obtained by a similar magnetometer at the Paratunka

observatory; see Fig. 2 (right panel). Since the noise ampli-

tude does not exceed 2 nT, in order to detect it, natural varia-

tions of the field were eliminated according to the data from

other magnetometers installed in the same pavilion: Z com-

ponent variation was removed using the data of the fluxgate

device FRG-601 (Fig. 2c), F (scal) variation was removed us-

ing the data from scalar magnetometer GSM-90 and F (var)

was calculated from the FGE variations and the correspond-

ing baseline values (Fig. 2b). The authors have also observed

similar interferences in the raw data from Novosibirsk (NVS,

fluxgate magnetometer LEMI-008) and Yakutsk (YAK, FGE

magnetometer and Magdalog recorder) observatories. The

distance to ionosondes did not exceed 200–300 m.

In all cases, the interference was recorded by variation

fluxgate magnetometers. At the same time, in the records of

the other fluxgate devices located in immediate proximity,

interference from the ionosonde was not observed, for exam-

Geosci. Instrum. Method. Data Syst., 6, 329–343, 2017 www.geosci-instrum-method-data-syst.net/6/329/2017/
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ple in the results of the fluxgate magnetometer FRG-601, the

data of which were used to remove natural geomagnetic vari-

ations (illustrated by the difference between the data obtained

by FGE and FRG magnetometers shown in Fig. 2c and d). It

should be noted that the interference is regular, because it is

determined by sounding sessions, the beginning of which is

synchronized with UTC. However, small shifts are observed,

which are associated with a particular mode of sounding and

the range of operating frequencies of the ionosonde.

Regularity and accurate synchronization of such interfer-

ence with UTC makes it easier to identify them and to make a

decision about the removal or correction. Certainly, this ap-

plies to relatively short noise signals, usually to spikes. A

special software module was developed and integrated into

the software package for raw magnetic data processing at the

MGD and PET observatories. The module generates a tem-

porary mask, a daily array of 0 and 1, where 0 corresponds to

the measurements that include noise. Parameters of the 0–1

sequence are set in a special text file that contains the peri-

odicity of sounding and the shifts of the beginning and the

end of a removed interval with respect to the beginning of a

sounding session for each day. During the processing of the

raw data, the mask is applied to the original daily time se-

ries and the data marked by “0” are filled with special values

NaN (Not-a-Number). An example of this clearing is shown

in Fig. 2d.

Interference between closely spaced magnetometers may

be a source of regular noise. It is a well known that proton

magnetometers can cause interference either by the genera-

tion of additional external magnetic fields during polarization

of the proton rich liquid or via direct influence of the DC

current powering the proton (or Overhauser effect) magne-

tometers, which is modulated by the periodicity of measure-

ments. For example, the effect up to 0.2 nT is expected at a

distance of about 5 m from the proton magnetometer (Auster

et al., 2007). Vector magnetometers using proton sensors in

the coil systems (dIdD GSM-19FD, GEM System; POS-4,

QMLab), in addition to the effects during polarization, pro-

duce significant additional magnetic fields affecting the mea-

surements of devices located in the vicinity. Figure 3a and

b show manifestation of the dIdD magnetometer operation

at the Cape Schmidt observatory in the records of dH and

dD variations from fluxgate magnetometer MAGDAS. Due

to the polar specifics (necessity of heating and the absence

of additional pavilions) both devices are installed on one pil-

lar at a distance of about 2 m, almost on the same meridian.

MAGDAS measurement frequency is 1 Hz. Oscillations in a

range up to 2 nT with a period that is a multiple of dIdD mea-

surement periodicity (2.5 s) are observed. There is also noise

in the record of vertical component. The mechanism of influ-

ence of dIdD on MAGDAS measuring process is complex:

it is associated with timer stability (noise amplitude “floats”

over time) and practically it cannot be reliably corrected by

software during the post-processing. Therefore, the only ef-

Figure 3. An example of influence of the magnetometers with Over-

hauser scalar sensors: (a, b) effect of vector dIdD GSM-19FD in the

records of H and D components of MAGDAS fluxgate variometer

at the Cape Schmidt observatory, (c) influence of the scalar magne-

tometer GSM-90 on the vertical component Z of the FGE fluxgate

variometer at the Paratunka observatory. Oscillations of dZ have the

period of GSM-90 measurements, undisturbed dZ are found at up-

per part of oscillations; red dots show undisturbed values, which are

used for the next processing step.

fective way to avoid this interference is to distance the mag-

netometers from each other.

Figure 3c shows the second example of the proton mag-

netometer influence on another device at the Paratunka ob-

servatory. The fluxgate variation magnetometer FGE signal

(measuring frequency is 2 Hz) is modulated by the operation

of a GSM-90 Overhauser magnetometer with a measuring

rate of 5 s. The range of noise in the vertical component Z

is up to 1–2 nT (in other components it is less than 0.5 nT).

Since the sensor GSM-90 is located at a distance of about

4 m from the FGE sensor, the impact through additional mag-

netic fields during polarization is hardly probable. Presum-

ably, the interaction takes place at the hardware or commu-

nication level, because the devices are connected by a sin-

gle datalogger Magdalog. The same noise is also observed

on a similar set of magnetometers at the Magadan observa-

tory. We cannot solve this problem technically. However, the

synchronicity of measurements by two instruments (on one

datalogger with a single timer) has allowed us to implement

a software clearing. From the fluxgate magnetometer data we

select only those which occurred during the frequency mea-

surement of proton sensor precession, and fragments during

polarization are removed. Unfortunately, due to a little syn-

chronicity instability of measurements by two devices, only

a few samples from the 5 s cycle of FGE can be reliably dis-

tinguished (for reliability actually only one sample is chosen,
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Figure 4. An example of spikes in the results of measurements by

Overhauser magnetometer POS-1 at the Cape Schmidt observatory.

(a) The total intensity F raw record, (b) signal after noise removal.

which is shown in Fig. 3c by ©), i.e. forced 10-fold data loss

takes place.

In minute values, calculated in accordance with the

INTERMAGNET standard, normally distributed noise can

(in special cases) be removed by filtering. However, the fact

that noise is often asymmetrical creates at least two problems

on minute intervals:

a. When averaging the noise with asymmetric signals, the

obtained mean values are also biased. For the noise

shown in Fig. 3c with magnitude up to −1 nT, the aver-

age estimate will be systematically biased downward by

about 0.5 nT. This value is quite significant in relation to

current requirements for long-term magnetic measure-

ments.

b. If during the absolute observations a reading at the zero

position of DIflux magnetometer fluxgate sensor coin-

cides with noise in the variometer, then a difference be-

tween absolute and variation measurement arises; i.e.

the accuracy of baseline values is decreased, and in the

worst cases systematic errors in the final values of the

total field vector arise.

3.2 Noise of different shapes

3.2.1 Spikes

A generalized view of possible shapes of structured noise is

presented, for example in Lopez-de-Lacalle (2016, Fig. 1).

Spikes are perhaps one of the most common types of sig-

nal in magnetic records, and with a sufficient probability are

not related to natural processes. Spike is interpreted as rel-

atively short signal with a significant amplitude (duration is

less than a few seconds or several measurements, if the mag-

netometer has a measurement frequency from ones to tenths

of Hz), with well-defined sharp leading and back edges that

are similar in amplitude. If one of the edges is weak or ab-

sent, then we can talk about the jump. All these properties of

spikes can be used for their detection and removal. We can

also note that spikes with a duration of one measurement cy-

cle are most likely to be associated with hardware problems

or interferences from nearby sources. The amplitude is also

an important characteristic. Spikes with amplitudes of tens of

nanotesla or more also have a low probability of being caused

by natural sources.

Figure 4a shows an example of a daily record of the field

total intensity F recorded at the Cape Schmidt observatory

by the Overhauser magnetometer, POS-1. The measurement

periodicity is 3 s. For the CPS observatory, problems with the

stability of the power supply and the quality of grounding are

known, to which POS-1 is sensitive enough. On the record,

outliers with the amplitude up to 1500 nT can be seen (over

90 events). The duration of these spikes does not exceed one

measurement; i.e. they have sharp edges with almost equal

magnitude of leading and back fronts. Therefore, it is not dif-

ficult to identify and to locate them. The results from using

the simple method of spike detection are shown on Fig. 4b.

It should be noted that in the Overhauser magnetometers

POS-1, which are quite widely distributed at magnetic ob-

servatories, each record is accompanied by the estimation of

measurement quality using a special parameter QMC (qual-

ity measurement criterion). The QMC value is related to the

quality of the proton precession signal and gives qualitative

estimates of measurement conditions such as signal-to-noise

ratio, the duration of the precession signal and power supply

voltage (POS-1 User manual, 2004; Denisov et al., 2006).

Similarly, although a little less informative, estimations of

signal quality are also performed for scalar magnetometers

GSM (GSM-19 Instruction Manual, 2008, p. 54). For POS-1

these qualification parameters are used in the standard soft-

ware at IKIR FEB RAS observatories to estimate the quality

of measurements within the processing, which increases the

efficiency of simple mathematical algorithms.

In many cases the visual control of the derivatives of mag-

netic field variations is provided by effective tools with which

to detect the spikes in recorded raw data. It is clear that noise

in the record shown in Fig. 4a does not represent a problem

for programme processing, and in the case of smaller quan-

tities they can be processed manually. However, difficulties

arise in the case of more irregular shapes of noise, when they

cannot be considered narrow isolated spikes. The examples

are the noise described above, arising during ionosonde op-

eration (Fig. 2a and b), which is often extended in time and

can have a multimodel structure. The efficiency of their pro-

cessing is provided by strict repeatability.

Geosci. Instrum. Method. Data Syst., 6, 329–343, 2017 www.geosci-instrum-method-data-syst.net/6/329/2017/
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Figure 5. Example of frequent spikes at the Hyderabad observatory: (a) original daily records of variations dH , dD, dZ; (b) the same of (a),

but after noise identification and removal in vertical component; (c) 1.5 min fragment of daily dZ record, showing the detailed structure of

the spikes; (d) results of noise clearing using a simple algorithm; (e) result of clearing using an algorithm based on wavelet transform.

Figure 5 shows the daily record of dH , dD and dZ vari-

ations, obtained at the Hyderabad observatory using the

fluxgate magnetometer FGE. The measurement frequency

is 2 Hz. As can be clearly seen, there is irregular and fre-

quent noise in the vertical component in the form of outliers

(spikes) with amplitudes of more than 5 nT. The observatory

is located on the territory of CSIR-NGRI Institute, within the

city. The most probable reason for this noise is the metro line

(above-ground) passing at a distance of 200–300 m, south of

the observatory. Figure 5c shows a 1.5 min fragment for dZ,

which shows that spikes have a sufficiently definite and sta-

ble structure, a sharp leading edge and exponentially falling

back edge. The total spike duration is up to 3–6 samples, i.e.

about 1–3 s.

The algorithm applied at the HYB observatory to detect

and remove the noise caused by metro line is based on its

structural stability and works as follows: when a change of

dZ between neighbouring measurements (in absolute value)

exceeding a given threshold is found, three subsequent mea-

surements are discarded. It is clear that this algorithm cre-

ates risks: (a) natural signals with sharp edges, for example,

during magnetic disturbances, may be discarded; (b) noise

may be removed not completely if its duration is longer

than one; (c) noise can be missed if due to a small shift its

leading edge takes two samples. However, to calculate the

minute values of the magnetic field variations, that may be

enough. Figure 5d shows the results of the algorithm applica-

tion during real processing of raw HYB data (threshold value

dZ / dt = 1 nT / 0.5 s was used).

An algorithm based on continuous wavelet transform

showed higher efficiency in the detection of spikes. For the

first time it was proposed in the paper Zhizhikina et al.,

2016. This algorithm includes the following main operations:

(1) wavelet decomposition of data on informative scale lev-

els (determined during algorithm construction) is performed,

and (2) spikes are detected on the basis of threshold functions

(different thresholds for each scale level and for positive and

negative values of the wavelet coefficients are used).

The algorithm efficiency is determined by the wavelet

transform sensitivity to sharp changes of function values.

Amplitudes of wavelet coefficients significantly increase in

the areas containing local features in the form of sharp peaks

(Daubechies, 1992). Figure 5b and e show the results of the

algorithm.

The geomagnetic variations and noise are dependent on

the location of the observatory. Therefore, preliminary tun-

ing of the algorithm parameters is required for the selected

observatory. Currently, the algorithm is adapted for the mid-

latitude Paratunka observatory and for the equatorial Hyder-

abad observatory. The values of the parameters were defined

for the criterion of the absence of false detections, using se-

lected data. The effectiveness of the algorithm was estimated

for quiet and disturbed magnetic fields. The spikes detected

by the experienced magnetologist were considered as refer-

ence. Table 2 shows the results of the estimation of the algo-

rithm effectiveness for the Hyderabad observatory.

The results show high reliability of the wavelet-based al-

gorithm when detecting the main part of the spikes: about

99 % of spikes with high amplitude (> 3 nT) are isolated.
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Table 2. The results of the estimation of the algorithm effectiveness for the Hyderabad observatory.

Detected spikes, %

Number of spikes:

Detected by Wavelet-based Simple

Magnetic field conditions magnetologist algorithm algorithm

Quiet (local K<3) 1591 83.91 73.35

Disturbed (local K ≥ 3) 1495 85.35 73.85

Figure 6. Example of magnetic field jumps at the Paratunka obser-

vatory during removal and lowering of casing steel pipe into a well

of 80 m depth. Curves on the plots are differences of field total in-

tensity F measured by scalar magnetometers POS-1, GSM-90 and

dIdD at various distances from the well. Each step corresponds to

the operation with one pipe section.

However, spikes with small amplitude (< 0.5 nT), which are

25 % from all spikes, cannot be reliably detected by magne-

tologists (experts) and cannot be used for the estimation of

the algorithm effectiveness. This also restricts the possibili-

ties for the optimization of the algorithm for detecting small

spikes.

3.2.2 Jumps

In a certain sense, the jumps in the results of measurements

can be considered to be spikes as described above, but with

a continuous interval of the record between the leading and

the back edges or in the absence of a back edge. Because

of the sharp edges and sufficient amplitude of a jump, it is

not difficult to identify one. However, unlike spikes, in prac-

tice such jumps are quite rare in raw magnetic data (for ex-

ample, Fig. 2). Jumps of magnetic record level with slow

changed edges or with noisy edges are predominantly ob-

served. The reasons for such jumps are the technical opera-

tion with equipment, the changes of the magnetic field distri-

bution in the pavilion or near it, the changes of the instrument

parameters, etc.

An example of noise in the form of jumps caused by

changes in the magnetic environment near the pavilions at

the Paratunka observatory is shown in Fig. 6. The effect is

visible in the field total intensity F , which occurred during

removal and reinstallation of casing pipes in a well of 80 m

in depth, located approximately at a distance of 100 m to the

south from the magnetic pavilions. These operations were

carried out within 6 h, and heavy machinery was used (truck

crane, tractor). In general the effect does not exceed 1 nT, but

it stands out well from the difference between the records

of the two scalar magnetometers, located at different dis-

tances from the well (dIdD is the closest, POS-1 is the most

remote, the distance between them is 30 m). Each removal

of a pipe section from the well causes a jump of the mag-

netic field gradient between POS-1 and dIdD by about 0.1 nT.

Lowering back into the well looks like a recovery process

in dF . A much smaller effect is observed in the difference

between records from the POS-1 and GSM-90 magnetome-

ters, located at about the same distances from the well. This

example represents a situation which is quite widespread at

magnetic observatories and shows the following important

points:

a. Identification of signals of a small amplitude by mathe-

matical methods of pattern recognition, even if they are

rather different from the field natural variations, can be

practically implemented in very rare cases (only for typ-

ical noise and in the case of large samples of a priori

data).

b. Such signals can be identified reliably only in difference

data obtained by separated magnetometers.

c. Practically the only way to detect such signals is

through an experienced, trained magnetologist, whose

work is largely based on the additional information

about measurement conditions.

In relation to the example given in Fig. 6, we can assert that

only a magnetologist (expert) can recognize field variations

as noise, by analysing the differences between measurement
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Figure 7. Example of noise in the form of jumps in the data from

the dIdD GSM-19FD magnetometer at the Cape Schmidt observa-

tory. (a) Daily records of F of dIdD and scalar Overhauser mag-

netometer POS-1; (b) detailed fragment from (a) with a jump; (c)

differences dF = F (dIdD)-F (POS) in which natural geomagnetic

variations are removed; (d) the same as (c), but jumps in F (dIdD)

are removed.

results obtained by the spatially separated devices, noting ar-

tificiality of jumps in the variations and knowing that works

on the well were carried out at that time. Such anthropogenic

disturbances are usually not corrected, and in most cases the

record including the noise is removed.

Figure 7 shows an example of jumps in the daily record

of the field total intensity F , obtained by dIdD GSM-19FD

and POS-1 magnetometers at the Cape Schmidt observatory.

It can be seen in Fig. 7c that the measurement difference be-

tween these two Overhauser magnetometers contains jumps

with an amplitude of several nT. However, noise arises only

in the dIdD record (Fig. 7b) and in most cases have sharp

edges. The magnetometers are installed in different pavilions

(dIdD is in a variational, POS-1 is in absolute), at a distance

of about 30 m. The situation shown in Fig. 7c is rather char-

acteristic of the observatory and occasionally it reoccurs. The

source of the noise is not defined, but perhaps it is associated

with interference of supply lines or communication cables in

the variation pavilion or with the currents in moisture satu-

rated soil near the dIdD.

In this example, our interest is not in the cause or mecha-

nisms of noise, but in the possibility of its identification and

correction. Since the amplitude is fairly significant, edges are

sharp, and measurements are not burdened by this noise. The

posed problem can probably be effectively solved by soft-

ware tools. However, in this case, processing is performed

by a magnetologist, who estimates the size and the location

Figure 8. Noise caused by a vehicle driving near the magnetic pavil-

ions at the Cape Schmidt observatory (in one direction and back).

(a) dH (upper curve) and dD (lower curve) variations, recorded

by MAGDAS magnetometer. (b) dZ (MAGDAS, upper curve),

dF (POS-1, middle curve with dots) and dF (dIdD, lower curve).

MAGDAS and dIdD magnetometers are located at a distance of

about 30 m from the POS-1.

of the jump using an F (dIdI)-F (POS) plot, followed by pro-

gramme correction of F (dIdD) and necessary removal of un-

reliable data at the time of the jump if it has a significant du-

ration. Figure 7d shows the results of the procedure described

above.

It should be noted that the jumps, after which the record

level is changed and retained for a long time (several days or

longer, for example, after magnetometer reinstallation), ap-

pear in the baseline values of the variometers and are elim-

inated during calculation of the total field vector using the

standard measurement technology at magnetic observatories

(see also some remarks in Sect. 4).

3.2.3 Bay-like noise

Bay-like noise is a common type of noise at magnetic obser-

vatories. It is often the result of changes in the magnetic field

near the magnetometer due to moving objects with magnetic

effect, for example a car or a person with instruments. In the

case of such noise, shapes of signals in the field components

are defined and related. Nevertheless, this noise, if its ampli-

tude does not reach extreme values, is hardly distinguishable

from natural variations. The possible methods of identifica-

tion are comparison with data obtained by other magnetome-

ters (gradiometer principle) and analysis of the information

about events at an observatory (logging of such events is the

direct responsibility of the observatory and its staff).
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Figure 9. Noise caused by a snow plough clearing the path to the

pavilions at the Khabarovsk observatory. Variations dH , dD and

dZ were recorded by quartz magnetometer CAIS. Oscillations on

the records are the result of the tractor work at a distance of about

30 m from the magnetometer.

Figure 8 shows bay-like noise occurring during off-road

driving near the magnetic pavilions of the Cape Schmidt ob-

servatory and during the vehicle’s return. Variations of dH ,

dD and dZ components are obtained with a MAGDAS mag-

netometer. Variations of field total intensity F are obtained

using dIdD and POS-1 magnetometers (Overhauser sensors).

MAGDAS and dIdD are located in a variation pavilion, POS-

1 is installed in an absolute pavilion. The distance between

the pavilions is about 30 m. Noise duration is about 30–40 s,

the amplitude is up to 20–30 nT, and the time shift between

signals recorded by magnetometers in two remote pavilions

is clearly defined. We may also note the dependence men-

tioned above between the form of a signal in different field

components. The identification of a signal as noise was made

by a magnetologist using the shape of a signal, time shift and

by comparing it with similar signals that have been observed

earlier (in this case there was no information about the source

of the noise at the observatory). After localization, the noise

was removed by a magnetologist during raw data processing.

One more example is shown in Fig. 9. A snow plough

cleared the path to the magnetic pavilions at the Khabarovsk

observatory. Field variations were recorded by the quartz

magnetometer CAIS. Noise duration is about 1 min, ampli-

tude is maximum in the vertical component (up to 10 nT).

It would be difficult for the staff of the observatory to iden-

tify the signal in Fig. 9 as noise without information on the

works conducted near the pavilions, because according the

signal parameters, it is rather close to natural geomagnetic

variations (an exception is possible only for Z component,

since its natural variations on this day did not exceed several

Figure 10. Noise-like interference caused by the faulty power sup-

ply at the Khabarovsk observatory, manifested in the records of

Overhauser magnetometer POS-1. (a) Daily record of F (POS-1)

after elimination of natural geomagnetic variations by GSM-19W

data; (b) behaviour of QMC (quality measurement criterion) instru-

mental parameter of POS-1.

of nT). Just like in the previous case, the noise was removed

by a magnetologist during raw data processing.

3.2.4 Random-like noise

Man-made disturbances, which are expressed as additional

random noise at the background of original useful signal will

be understood as random noise. This notion generalizes a

very big class of noise which is often difficult to classify.

In many cases this noise is not localized in frequency and/or

time domain. They may have a hardware origin or may be

connected with real field noisiness from external sources at

the observatory. Almost always, the problems of this noise is

solved either technically (fine adjustment of magnetometers,

improvement of grounding, power supply, etc.) or organiza-

tionally (moving of a measurement point, replacement of a

magnetometer by another one which is less sensitive to noise,

etc.). It is hardly probable to find effective methodological

and software approaches.

Identification of hardware noise in data is possible if we

compare the results of measurements by different magne-

tometers or if we change the operating modes of a device

if it is the only one at the observatory and if it is possible

by the specification of a devices. The increased noise of the

magnetic field at the observatory (as a result of total impact

of many factors) can be identified, for example, if we make

measurements by the same magnetometer at the observatory

and in the place with obviously low noise. In general, as-

sessment of the background noise is a labour-consuming task
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Figure 11. The noise in dIdD data which arose due to the failure

of a power supply system at Karymshina station (15 km from the

Paratunka observatory). (a) The total field intensity F obtained in

the case of additional fields with polarity west–east (Dm) and up–

down (Ip) in the coil system (see dIdD Instruction Manual, 2010);

(b) the same as in (a), but slow variations are excluded (for clarity).

including a research aspect and very often it does not have ef-

fective practical results. The problem becomes more compli-

cated due to the fact that in many cases it is almost impossi-

ble to distinguish the noise background from a natural signal

which is a subject of scientific research, for example, seismo-

magnetic effects. Figures 10 and 11, as an example, show the

random noise which arises in the results of magnetic mea-

surements in the case of problems with power supply.

Figure 10 shows the results of daily measurements of the

field total intensity F , made at the Khabarovsk observatory

using scalar Overhauser magnetometer POS-1. There was a

general power outage at the observatory and in the nearby

settlements at about 08:50 UT. The measurements were con-

tinued using an autonomous power supply system at the ob-

servatory. At about 12:00 UT the external power supply was

restored. On the record obtained by POS-1, noise with an

amplitude up to 1 nT was recorded. It lasted for more than

a day. For a descriptive graphical representation, natural ge-

omagnetic variations were excluded using the data from an-

other scalar magnetometer (GSM-19W). The noise caused

by power failure did not manifest in these measurements

(Fig. 10a). Figure 10b shows the behaviour of the QMC pa-

rameter, which estimates the quality of the precession sig-

nal of the POS-1 Overhauser sensor in nT units and was de-

scribed in Sect. 3.2.1. In this example, the fact that the noise

remained in the measurements of POS-1 after the restoration

of external power is of interest; i.e. the presence of the noise

could not be ascertained according to staff information on

the situation at the observatory, it could be determined only

by the direct visual analysis of these measurements. And the

second fact is that in this case an effective way to recognize

the noise is to estimate the behaviour of the QMC parameter.

The second example (Fig. 11) shows an appearance of

noise in the data from the dIdD GSM-19FD magnetome-

ter, recorded at Karymshina station of IKIR FEB RAS.

Karymshina station is located approximately 15 km from the

Paratunka observatory, a place with a minimum of possible

industrial sources of noise, including the absence of an exter-

nal power supply by power lines. At about 02:45 UT a fail-

ure of a diesel generator occurred and an emergency scheme

of power supply has been activated with an external battery

package as a source of voltage and disconnection from all

powerful devices, the standard power supply was restored at

about 11:55 UT. It is shown in Fig. 11a that spikes with am-

plitude up to 10–20 nT and random noise up to 5 nT appeared

during the operation of the emergency power system in two

measurement channels of dIdD (with additional fields in coil

systems D and I; see, for example dIdD Instruction Manual,

2010). For illustration purposes, Fig. 11b shows the record

after eliminating the low-frequency variations. Since the am-

plitude of the noise is significant, it can be easily identified

during the analysis.

In both examples given above, the only way to exclude

noise is to remove all data fragments which contain noise.

It is impossible to restore the original useful signal with an

acceptable quality.

3.3 Critical and weak noise

This criterion is important due to the fact that it determines

the extent of noise influence in magnetic data on the results

of research that is carried out using these data. When a re-

searcher uses the final data from the observatories, in most

cases they have no information on what conditions the mea-

surements were performed under, what procedures were ap-

plied during preliminary processing, etc. (except for the cases

when these procedures are prescribed by standards). Thus,

the responsibility for the quality of the data provided to the

scientific community is very high and it lies entirely on the

observatory.

Let us consider a classic case. An observatory of the

INTERMAGNET network obtains primary 1 s data of dH s,

dD s, dZ s, F s variations by direct measurements and then,

using baseline values, calculates total H s, D s, Z s, F s, re-

duced to the main pillar and minute values H m, D m, Z m,

F m using the procedure defined by INTERMAGNET stan-

dards (INTERMAGNET Tech. Ref. Manual, 2012). Filter-

ing using a Gaussian filter is quite an effective method for

suppressing random noise. Also, Gaussian filtering works ac-

ceptably with spikes of small amplitude, but it is not effective

for jumps and bay-like noise. Thus, the residual effects from

strong noise are included into the final minute data. At the

same time they are smoothed; i.e. they are almost indistin-

guishable against the background of natural variations, but
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Figure 12. “Fictitious” variations of the magnetic field recorded by

magnetometers with suspension system of measuring sensors: dIdD

with scalar sensor in the coil system, FGE with fluxgate sensors

and magnetometer Quartz-6 with Bobrov’s quartz sensors. Records

obtained at CPS, MGS, PET and KHB observatories during a strong

earthquake in the Okhotsk Sea on 24 May 2013 are shown. Vertical

line EQ shows the earthquake time.

they influence the results of further calculations performed

with these data. That makes it necessary to identify such criti-

cal noise and to remove it during the primary data processing.

It entails secondary problems, such as gaps in original data,

which are used to calculate published minute values. In spite

of the INTERMAGNET recommendation that mean values

should be calculated in accordance with the 90 % availability

rule: this rule is difficult to define and sometimes not appli-

cable at all.

3.4 Noise with known and unknown sources

If it is known that a signal, which is suspected as noise, is the

result of some sources which are not associated with natural

variations of magnetic field, then there is a rather a powerful

argument for removing the signal. At the same time, how-

ever, there are some fine points:

a. noise removal leads to the gaps in published data, there-

fore scientist in many cases before application of meth-

ods of analysis is forced to fill these gaps with dummy

data, i.e. the data, calculated from available data set us-

ing some interpolation method. Errors of calculation re-

sults arising due to the filling may be comparable or

even greater than the errors that occur due to the noise

which was not deleted;

b. problems which are solved using the final data should be

defined. Some signals can be as noise due to the crite-

ria of its origin. However, at the same time these signals

can be the subject of other scientific research. For ex-

ample, in practice of observatory measurements, a fic-

titious “seismomagnetic effect” is well known, when

we observe oscillations in the data from magnetome-

ters with a suspended system for compensation of sen-

sor inclinations or in the records of induction magne-

tometers. These oscillations arise when a seismic wave

from a near or strong earthquake is passing the place

where the magnetometer is installed. As an example,

Fig. 12 shows the records of magnetic field variations at

IKIR FEB RAS observatories. On these fragments the

effect of a strong earthquake with the magnitude of 8.3

which occurred on 24 May 2013 in the Sea of Okhotsk

at the depth of about 600 km is illustrated. The fol-

lowing magnetometers were applied: dIdD GSM-19FD

(Dm and Im modules with additional fields of coil sys-

tem) at the CPS and PET, fluxgate FGE (H channel) at

MGD, digital magnetometer with Bobrov’s quartz sen-

sors (H channel) at KHB. It is clear that the earthquake

is manifested well at long distances, the magnetometer

data based on different measurement principles. For the

tasks of studying the variability of the magnetic field,

the signals shown in Fig. 12 are noise and they should

be removed. However, if, for example, seismomagnetic

effects are investigated, then the recorded “fictitious”

signals in Fig. 12 would be a good benchmark to es-

timate the passage of a seismic wave in the area where

magnetometers are installed. Therefore, the researcher

of seismomagnetic effects should understand well, what

type of magnetometer is used to obtain magnetic data.

If a signal is suspected as a noise, but its structure does

not allow us to recognize it as a noise, and there is no ad-

ditional information about a possible source, then it is very

complicated for a magnetologist to make a decision. In most

cases, these signals are not removed, which creates risks of

reducing the quality of observatory data.

4 Possible methods for noise removal from raw

magnetic data

It is clear that identification of noise is the solution only of a

part of the problem. The second part is to choose an effective

method of further work with this noise. Unfortunately, the

choice of possibilities is very small. Mainly a fragment is

simply removed from a record that results in a gap, which

can be filled by the most suitable “dummy” data, or if the

structure of the noise is recognized, it is removed and the

original useful signal remains.

Earlier, in the description of spikes (see Figs. 2, 4 and 5),

possible techniques of dealing with these noise, using auto-

matic removal of a record fragment after identification of

noise, have already been shown. In other cases, noise can

be removed manually by a magnetologist. There are differ-

ent approaches to implement these procedures. If a file with
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Figure 13. Example of manifestation of a nearby earthquake on

30 January 2016 (magnitude 5.7, distance is about 100 km) in

the record of FGE magnetometer with a suspended system at the

Paratunka observatory. The inset shows the results of data clear-

ing performed by a magnetologist using a semi-automatic proce-

dure (shown in yellow). In component D the effect of an aftershock,

which occurred in 17 min, is also removed. Jumps of average level

of the records, reaching 10 nT in D (about 1.5′) are clearly visible

in the inset.

raw data has text format (for example, POS-1 User manual,

2004 and dIdD Instruction Manual, 2010), it is possible to

remove the unreliable records manually. In this case, during

further work with the corrected file, there will be gaps not

only in the measured magnetic values, but also in a times-

tamp, which is not always convenient if we need a uniform

time grid. Another possible approach is to create an inter-

mediate file, usually in text format, in which noisy data are

manually or semi-automatically replaced by the values that

indicate unreliable measurements, for example 99 999. This

option is particularly useful if the initial measurements are

recorded in files in binary format, e.g. MAGDAS-A Instal-

lation Manual (2005). In this case special converter software

is usually used, including those which allow an operator to

encode the required data as unreliable.

In the software for magnetologists developed in IKIR FEB

RAS, which is based on MATLAB and Octave mathematical

packages (Khomutov, 2016), the third approach is used. It

is based on the following methodical principles: (a) original

files are always used in processing of raw (original) mag-

netic data, and (b) the intermediate files are not formed; i.e.

though stream processing is performed from the raw data

to the required final result, all the results of intermediate

computations remain only in the computer’s random access

memory. Information about unreliable data during a time

interval is stored in special text files, with a date, start time

and end time and special features, for example for the choice

Figure 14. Baseline values of FGE variation magnetometer,

Paratunka observatory, from January to February 2016. Marker

© shows individual baseline values (observed); continuous curve

shows the values adopted for each minute (adopted). The jumps in

baselines due to the earthquake on 30 January 2016 are clearly vis-

ible.

of the magnetic components and for comments. An example

of such a record for the FGE magnetometer at the Paratunka

observatory is shown below.

Date UT1 UT2 HDZ

30 Jan 2016 03.4272 03.5211 100 % earthquake

30 Jan 2016 03.4269 03.5795 010 % earthquake

30 Jan 2016 03.4274 03.4973 001 % earthquake

30 Jan 2016 03.7199 03.7283 010 % aftershock

A maximally simplified text format is used, which reduces

the probability of errors during manual typing and speeds

up the file reading. The example shows the information,

used to remove the noise caused by a nearby earthquake

on 30 January 2016 in the data from the FGE magne-

tometer. In the processing of measurement results from

30 January 2016, D values from 03:25:37(= 03.4269) to

03:34:46(= 03.5795) UT, which are noisy due to the mechan-

ical influence of a seismic wave on the suspended sensor,

will be filled with a special symbol, NaN, and will be ex-

cluded from further processing. The boundaries of intervals

with noise are defined by a magnetologist in interactive mode

by record plots for the corresponding components and with

required scaling that is provided by convenient interface with

graphics in MATLAB and Octave. Noise in other compo-

nents is removed similarly. The effect of the described earth-

quake and the results of applying the clearing procedure are

shown in Fig. 13.
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Considerably a more difficult situation arises in the at-

tempt to restore an original signal, i.e. removal only of noise

from the measurement results. It is impossible in most cases

in the actual working practice of the observatory due to the

unknown structure of a useful signal and the unknown struc-

ture of noise. Analysis of a concrete situation is specific, and

become a scientific research question in itself. However, in

some simple cases the problem can be solved. These situa-

tions include, for example, noise, leading to jumps of record

level, sometimes followed by restoration which is also in the

form of a jump. It is clear that in this case the noise is a

constant addition to the useful signal, and after its subtrac-

tion, the initial undisturbed signal will be restored. The main

problem is the correct estimation of the value of the noise

(magnitude of a jump) and the need to be sure that noise has

a constant value in the analysed interval of the record.

In practice, identification of a jump and estimation of its

parameters (time and magnitude) is performed by a magne-

tologist, usually in an interactive mode of work with mag-

netic record graphs. If the jump was very rapid and the time

of a transitional process was comparable with the duration of

the interval between samples and generally faster than pos-

sible natural variations in the magnetic field, then the jump

parameters can be estimated visually with sufficient reliabil-

ity. If the transitional process is long enough, then natural

variations in the field can significantly affect the accuracy of

the estimation. In this case, it may be useful to compare the

analysed record with measurement results obtained by an-

other magnetometer, because natural geomagnetic variation

will be excluded from the difference between two records,

and the jump will be manifested as two permanent levels of

the difference. However, in this case, there are also a lot of

limitations, for example the nature of the cause of the jump.

If the jump is caused by a change in the magnetic field, the

source of this change is fairly close to the place of measure-

ments, and the compared magnetometers are located closely

(usually in the same or in neighbouring pavilions), then noise

effect will be manifested in the data from both devices and it

will be difficult to make any reliable estimations. If the rea-

son of the jump is of technical origin or its impact on the

supporting magnetometer is small, it is possible to estimate

the required parameters.

The situation described above is partly similar to that

which occurs in the case of elimination of long-term changes

of the level of magnetic record from variation magnetome-

ter, using absolute observations. Figure 14 shows an exam-

ple of compensation of jumps that arose in the records of

the FGE magnetometer at the Paratunka observatory after

the earthquake on 30 January 2016 (see Fig. 13). Regular

absolute magnetic observations and dense series of obtained

baseline values allow us to effectively eliminate the effect of

such jumps in the series of full values of the magnetic field

components; for example, the total values of the declination

D = D0+ dD since 31 January 2016 will have been free of

the jump effects in the case of an earthquake.

5 Conclusions

The review of noise in raw magnetic data and some methods

of its identification and removal given above represent only

a part of the real situation which a magnetologist deals with

at an observatory when processing the measurement results.

However, even with such a volume it is possible to draw the

following important conclusions:

1. In most cases, the correct identification of noise can be

performed only according to the estimates made by an

expert, a magnetologist of the observatory, who uses

raw (original) results of measurements, and all available

additional information on the measurement conditions.

2. The most important source of information about noise

is the comparison of measurement results obtained by

different magnetometers, including those using differ-

ent measuring principles, as well as careful monitoring

of the environment at the observatory.

3. Automatic identification and correction of noise by

computer programs are of auxiliary nature and are prin-

cipally an interactive tool used to help a magnetologist

with data processing.

All this indicates that the data processing should be car-

ried out by a qualified magnetologists directly at a work-

place, i.e. at the observatory, and should include the whole set

of requirements (Jankowski and Sucksdorff, 1996; Nechaev,

2006; INTERMAGNET Tech. Ref. Manual, 2012). A sim-

ilar opinion is presented by Linthe et al. (2012). Unfortu-

nately, at the present time, many observatories, especially

those that are newly created and located in remote areas, have

problems with staff and their qualifications. In these cases it

seems reasonable to create centres for collecting raw mag-

netic data, where a full cycle of data processing would be

performed. Examples of such centres are BGS, which has

a centre in Edinburgh (http://www.geomag.bgs.ac.uk/data_

service/space_weather/current_conditions.html) or GC RAS

(http://geomag.gcras.ru/) which collects and processes the

data from the Russian magnetic observatories. At the same

time, some of the problems, including those connected with

incorrect noise processing, can be more difficult to resolve.

Data availability. All raw magnetic data used in this study are

available at the observatories of IKIR FEB RAS and CSIR-NGRI.

Some data are available on request.
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